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ACCIDENT PREPAREDNESS REACTOR WASTE TREATMENT 


Harward,! A.M. ASCE 


SYNOPSIS 


Several technical approaches usefulin developing emergency procedures 
case accidental release liquid radioactive waste from nuclear reac- 
tor are suggested. Some the difficulties encountered are presented. 


desirable nuclear reactor operations have emergency procedures 
prepared that could immediately placed into effect minimize possible 
harm toboth the general public and reactor plant operating personnel case 
accidental release radioactive material the environment. Such re- 
leases could occur either the surrounding atmosphere into adjoining 
stream. This paper will discuss some basic considerations that might in- 
corporated into such emergency procedure where the accidental release 
radioactive material stream involved. 

general, the problem one developing procedure for making im- 
mediate evaluation accidental release radioactivity terms the 
hazard persons using the stream source water. Such procedure 
would not substitute for radiation monitoring thorough field evalua- 
tion the situation. instead, adjunct field evaluation and would 
serve determine the future course monitoring program. The following 


Note.—Discussion open until December 1960. extend the closing date one 
month, written request must filed with the Executive Secretary, ASCE. This paper 
part the copyrighted Journal the Sanitary Engineering Division, Proceedings 
the American Society Civil Engineers, Vol. 86, No. July, 1960. 

Sanitary Engr., Public Health Service, Pittsburgh Naval Reactors Opera- 
tions Office, Atomic Energy Comm., Pittsburgh, Pa. 
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are related technical considerations making evaluation the radio- 
active release: 


Conditions the radioactive release. 
Time flow downstream water supply intakes. 
Effect radioactive decay. 
Effect dilution. 

Emergency radiation limits. 


CONDITIONS THE RADIOACTIVE RELEASE 


order develop emergency procedure for accidental release 
radioactivity stream, ways determine the conditions the incident 
must established and the procedure must then based these conditions. 
They must depend certain assumptions and technical data such those 
developed the safeguards reports the reactor question. The assump- 
tions must sufficiently conservative allow for the unknown aspects the 
assumptions. The writer hopes make clear what some these “unknowns” 
might be. 

necessary have means for estimating the quantity radioactivity 
released the stream. This could accomplished the use radiation 
monitor and alarm system strategically located the effluent line leading 
the receiving stream. Also value making this estimate the knowledge 
the reactor operating personnel the type incident and its potential 

The emergency procedure should adequate cover the worst situation 
determined from the reactor safeguards report and analysis the plant 
systems involved. One the most difficult parts developing procedure 
the job making conservative, yet realistic, assumptions postulating the 
conditions upon which base the procedure. 


TIME FLOW DOWNSTREAM WATER SUPPLY INTAKES 


important part the procedure method for rapidly estimating the 
time for the radioactivity that released totravel one more downstream 
water supply intakes. Such information would valuable because would in- 
dicate the time available for any action required the reactor plant operator 
and local state health authorities. Under certain conditions might de- 
sirable close downstream water intakes temporarily. 

The method estimating downstream flow times suggested here designed 
give only order magnitude because certain limitations. was de- 
veloped for the first 100 miles downstream from Shippingport, Pa., and mayor 
may not applicable other reactor siles depending the hydrologic data 
available. The Army Corps Engineers provided the basic Ohio 
River data that made possible use this method for Shippingport. 

example the type data that canbe developed for estimating 
the time flow. When using the table, necessary know only the total 
stream flow the time. Shippingport, arrangements were made with the 
Corps Engineers obtain certain data from one their nearby Ohio River 
dams that would enable rapid calculation total river flow the use rat- 
ing curves for thatdam. Knowing the total river flow, the time flow any 
the listed downstream intakes can read directly from Table 
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REACTOR WASTE 


The range river flows discharges used Table was suggested 
monthly-flow duration curve for the Ohio river Sewickley.2 The times 
flow for various river discharges and distances downstream were computed 
from series mean daily discharge-velocity curves furnished the Corps 
Engineers. example one these curves shown Fig. Each 
curve shows the relationship between river discharge and velocity (or time 
flow) for the pool between pair Ohio River dams. obtaining cumulative 
flow times using series curves for considerable distance, Table can 
developed. The flow times the water supply intakes merely distance 
interpolation between dams. 

The total river discharge flow determined any given time using 
rating curves for the nearby dam. Such curves are shown Fig. through 
Data that are obtained from the dam telephone are the elevation both the 
upper and lower pools (that is, upstream and downstream river elevations), 
and the number dam gates opened and the height their openings. all 
gates are raised above the upper poole, Fig. gives you the total river flow 
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directly knowing the upper pool elevation. Fig. gives the total discharge 
through the gates and over fixed weirs the dam. one more gates are 
lowered, Fig. and are used determine river flow knowing upper and 
lower pool elevations and gate opening information. Fig. used when the 
lower pool elevation below the top the gate opening while Fig. used 
when the lower pool above the top the gate opening (submerged flow). 
Curve Fig. used compute the discharge through one open gate with 
gate above the upper pool. Curve Fig. determines the flow through the 
fixed weirs. The combined discharges for each the gates and the fixed 
weirs the total river flow. computation sheet for quickly making the 
estimate can developed. example such sheet shown Table 


will noted Table that certain elevation numbers used the compu- 
tation are fixed. 


“Water Quality and Flow Variations the Ohio River 1951-55,” Ohio River Valley 
Water Sanitation Comm., Cincinnati, Ohio, 1957, 17. 
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REACTOR WASTE 
EFFECT RADIOACTIVE DECAY 


The fission products released tothe stream undergo radioactive decay dur- 
ing downstream. The amount thisdecay canbe estimated for the 
various flow times todownstream points using curve showing the relation- 
ship between time and gross decay factor. The gross decay factor merely 
the ratio initial radioactivity tothat activity anytime. example such 
curve shown Fig. Knowing the estimated radioactivity released and 
the estimated time flow downstream intakes, one may readily determine 
the decay factor from the curve and estimate the reduction radioactivity due 
decay the expression 


Estimated Activity Released 
Gross Decay Factor 


Downstream Activity 


Although the mechanism for making the estimate simple, the work de- 
veloping the gross decay factor curve can quite involved. The best way 
calculate the curve sum the activities all the individual fission products 
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concern various times and following reactor shutdown. The ratios 
the gross fission product activity the reactor core shutdown 
gross fission product activity various decay times (t) are plotted against the 
corresponding decay times. This type curve very flexible since the de- 
cay factors for fission products released any interval time after reactor 
shutdown can obtained. 

computing the gross activities making summation activities inthe 
reactor core shutdown and time intervals afterwards, products 
need not considered. Some fission products will not leave the plant due 
their deposition pipe walls, components, and soon. Fission products that 
exhibit this tendency have been reported the literature.3 For conservatism, 
the gross fission product activity can calculated for reactor shutdown after 
some prolonged period continuous full power reactor operation. All com- 
putations for the Shippingport plant are based 3,000 continuous full power 


sel, Lustman, and Vogel, WAPD-183, October, 1957. (Available from Office 
Tech. Services, Dept. Commerce, Washington, C.) 
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TABLE 2,—EXAMPLE COMPUTATION SHEET FOR ESTIMATE 
DOWNSTREAM TIME FLOW 


Basic Data Obtained from Dam 
Number gates open 
Height each gate opening 
Upper Pool (U.P.) Elevation 
Lower Pool Elevation 
Determine Gate Submergence: 
Gate opening flowline elevation 667.0 
Gate Opening 


Case (a): For those gates having elevations greater than U.P. elevation, use Curve 


Case (b): For gates having elevation greater than L.P. elevation, use non-sub- 
merged conditions with Fig. 


Case (c): For gates having elevation less than elevation, use submerged con- 
dition with Fig. 


Dam Discharge Computation 
Calculation flow over fixed weirs 

Weir Elevation 680.33 
Upper Pool Elevation 


U.P, elevation greater than weir elevation thus signifying discharge, from 
“Curve B,” Fig. 


Fixed weir discharge cfs 


Calculation flow through gates 
Case (a): 
Gates raised above U.P. 


From “Curve A,” Fig. 


Case (b): 
Gates open but not submerged 


From Fig. Discharge/gate 
No, gates discharge /gate cfs 
Gates open and submerged; Using Fig. 

From the curve, 


gates discharge /gate cfs 


Total River Discharge cfs 


Time Flow Computation 
Using Total River Discharge and Table 


Intake Estimated Time from Reactor Plant 
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hours operation prior shutdown, which consistent with the basis for 
the Shippingport safeguards analyses. 


EFFECT DILUTION 


During normal reactor plant waste disposal operations, there usually 
very little the receiving body water used for dilution means for 
maintaining the concentration radioactivity tolerance levels. Ship- 
pingport, for example, only the water used for condenser cooling utilized 
for dilution purposes. However, case large release activity toa 
stream, essential know what the effect river dilution the con- 
centration activity the water during its travel downstream. 

Unfortunately, such data are not always available, particularly for very 
large rivers. these cases suggested that conservative percentage 
the river assumed dilute accidental release radioactive mate- 
rial during its travel downstream. know, course, that time, liquid 
wastes discharged will become completely mixed with river water. However, 
where the extent and rate diffusion not known, the conservative assump- 
tion required. Wherelarge streams are concerned, possible that pro- 
gram determine diffusion downstream may not economically feasible, 
particularly when the extremely remote possibility incident occurring 
considered. possible that good diffusion data would available some 
reactor sites, thus making the determination dilution effects more realistic. 


EMERGENCY LIMITS 


desirable feature reactor emergency procedure the establishment 
appropriate emergency radiation limits that would signify the type action 
required. may possible approximate whether the established limit will 
exceeded downstream using the procedures related here, realizing that 
all the facts can only known monitoring. 

establishing emergency radiation limit certain ground rules and as- 
sumptions must made. The following are listed here point out some 
the things that might included: 


The emergency limit should related actual biological hazard. 

Any accidental discharge would corrected within occurred. 

Any decontamination factor due downstream water treatment pro- 
cess would not considered. 

25% the total has diluted the wastes prior arriving 
water supply intake. 


For example, one assumed that the maximum concentration gross radio- 
activity allowable for short period time was 10-5 thena curve such 
shown Fig. might helpful. This curve shows the total gross activity 
that could released within various periods time that 10-5 would 
not exceeded the river different river flows. 


CONCLUSIONS 


This paperhas suggested some aspects procedure make immedi- 
ate evaluation the problem case accidental release radioactive 


£5 A 
‘ 
i 
q 2 
¥ 
Abe 
ait 
AS 
a 
= 
ik 
ag 
ae 
4 
J 


material stream. Undoubtedly, other approaches are possible and im- 
provements could made the considerations presented here. lack 
good data certain areas which base analysis handicap. ex- 
ample might river dilution information. doubtful the funds required 
study the desired river dilution characteristics large rivercould 
completely justified view the many safety devices and conservative de- 
sign requirements incorporated reactor plant such Shippingport. Even 
though the probability incident involving the release large quantities 
radioactivity extremely small, considered only good judgment 
have procedure handle such unforeseen events. 

should alsobe reemphasized that emergency procedure only good 
its assumptions and technical data which based. 
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MAN VERSUS ENVIRONMENT 


Twenty-seventh Research Report the Committee Sanitary 
Engineering Research the Sanitary Engineering Division 


SYNOPSIS 


Man’s relation his environment changing rapidly, especially terms 
the complex problems environmental engineering resulting from new devel- 
opments science and technology. The conference reported here was design- 
focus attention the status these problems inthe major fields water 
supply, water pollution, air pollution, food technology, and occupational health. 
The purpose holding the conference was evaluate the inter-relationship 
new developments and determine areas which research activities should 
initiated expanded. 

Papers presented principal speakers the abstracted and 
presentation the research needs the field provided. 


INTRODUCTION 


Much has been said late about the changing vistas public health prac- 
tice. Throughout the country, both scientific meetings professional assoc- 
ciations and the lay press, emphasis has been placed upon three items; (1) 
the relative dimunution the incidence the communicable diseases, (2) the 
marked increase morbidity and (3) the disabilities aging population. 
Less has been said about the changing research problems and engineering char- 
acteristics the environmental health program. 


Note.—Discussion open until December 1960. Separate discussions should sub- 
mitted for the individual papers this symposium. extend the closing date one 
month, written request must filed with the Executive Secretary, ASCE. This paper 
part the copyrighted Journal the Sanitary Engineering Division, Proceedings 
the American Society Civil Engineers, Vol. 86, No. July, 1960. 
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public health, seems take three kinds workers for reasonable ac- 
complishment. The physician must adapt man his environment, the engineer 
adapts the environment man, and the social scientist must adapt men each 
other. find ourselves, however, ever-changing situation. The new 
products industry, the movement population, expanding economy, 
changing geography involving new atmospheric contacts, together with social 
changes, are factors that dictate the conditions under which man lives. 

Man has always employed water and air means through whichto secure 
his wants and part dispose his own accumulated wastes. The struggle 
for the use these natural resources becoming intensive. Changes are 
taking place that are entirely beyond the control the traditional health-man. 
They are stimulated the newer knowledge emanating from the centers 
learning and from educational and industrial research, and production. 


From “Introductory Statement,” Henry Vaughan, Dean, School Public 
Health, University Michigan. 


THE MODERN ENVIRONMENT 


not necessary study vital statistics perceive some the more 
glaring hazards modern life. Yet the severity these hazards cannot 
viewed proper proportions without quantitative information. 

are aware heavy toll deaths and injuries the highways and 
the homes; public apprehension concerning the functions airborne carci- 
nogenic agents, whether from the partial combustion petroleum tobacco 
inducing contributing the induction lung cancer; heated controver- 
sies over the treatment community water supplies; and the contamination 
foodstuffs with insecticides and other foreign substances. 

the study accidents and illness learn the causes injury, disease, 
and death. But what are the consequences, throughout working life, the 
almost daily impact individual and collective insults minor subclinical 
severity? The easy conclusion that Americans are healthier now than ever 
before and that modern life holds very serious threat health. But consid- 
the facts less superficially. 

The microbiological era medicine and public health has profoundly changed 
the practice medicine, has brought into existence and cultivated the techniques 
preventive medicine, sanitary engineering, and public health, and has made 
revolutionary changes the statistics human morbidity and mortality. Mean- 
while, the environment the nation’s population has been changing. The micro- 
biological threats human life and health have beenreplaced the inanimate 
threat the machines and materials that inventive man has made, and the 
forms energy with which has surrounded himself. 

are concerned about our industrial population, also should con- 
cerned about our population generally, for the industrial environment has be- 
come, remarkable extent, the national environment. This environment that 
man has created for himself now provides the challenge both curative and 
preventive medicine. This challenge that requires additional types med- 
ical knowledge, new medical skills, and new settings. 

modern times the changes man has wrought through his technology have 
brought about greater environmental changes more profound physiological 
significance than have all the previous generations men. Technology has 
created wealth materials and captured the forces nature for man’s use, 


4 i& 
abe 
‘ 
| 
4 
4 
4 
iv 
4 
uy 
q 
« 
He f 
th 


MAN VERSUS ENVIRONMENT 


but has failed bring understanding their biological effects that will 
keep these forces and materials under control. The gap between technology 
and biology must reduced before too late. 

From “Human Health and The Modern Environment,” Robert Kehoe, 


Director, Department Preventive Medicine and Industrial Health, University 
Cincinnati. 


WATER SUPPLY PROBLEMS 


Problems Water Supply.—Since 1908, the use chlorine com- 
pounds has made possible for water treatment engineers prac- 
tical zero point the number coliform organisms present the municipal 
supply. There remains area substantial lack correlated information 
concerning the possible transmission virus infections through drinking water. 
There also the report the outbreak hepatitis New Delhi, India, which 
word mouth, has been widely discussed the United States, where some 
ten thousand cases hepatitis occurred. However, there are certain related 
facts the New Delhi case that indicate that cannot properly speak the 
case breakdown water treatment installations and equipment, but rather, 
breakdown proper administration and control the operations. 

recent years, series materials have been provided that are colloqui- 
ally called “coagulant aids.” There substantial need for them. The United 
States Public Health Service (PHS) has very wisely set special commit- 
tee evaluate these materials, primarily from the standpoint possible tox- 
icity, because there are some that are known have adverse potentialities. 
Collectively, waste detergents have become serious problem the operation 
sewage treatment plants. far greater magnitude, dollar-wise well 
tonnage-wise, the addition water pollution the use insecticides and 
antibiotics. This latest problem water from the very simple 
fact that these materials are eventually washed off the fruit and vegetables and 
find their way either into the surface streams into the ground water. are 
advised that the most serious problem that the Ohio River Sanitation Commis- 
sion faces not the problem sewage derived from human dwellings and ac- 
tivities, but those waste materials from industry which not lend themselves 
conversion harmless form recognized methods waste treatment. 

From “Research Problems Water Supply,” Harry Jordan, Secretary, 
American Water Works Association, Inc. 

Water Supply Research.— Research needed augment supplies water 
novel means, reduce water loss, and treat polluted water for re-use. 
1975, the use converted sea water augment the water supply coastal 
cities may feasible and perhaps routine. Novel methods under study offer 
promise that the ocean may effectively tapped. substan- 
tial part our future water needs may met conservation flood waters, 
control losses through evaporation, recharge aquifers, and the use hexa- 
decanol monomolecular layers water surfaces. 

Water supply research, however, must concentrate new processes re- 
claim water. Re-use water complicated the growing number contam- 
inants solution. The treated drinking water community contains intri- 
cate mosiac stable organic chemical structures that reflect the past history 
the supply. this burdon chemicals, the community adds its increment 
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solids, including soluble, persistent, nonoxidizable compounds like the alky- 
benzyl-sulfonate component detergents. 

Drainage from land treated with insecticides, weedicides, and other materi- 
als adds the load persistent organics now being recovered from all parts 
the main stem the Mississippi River. The toxicological significance 
organic chemicals drinking water has not yet beenadequately evaluated. Be- 
cause the high cost toxicological evaluation, short-time presumptive 
test determine the chronic toxicity specific complex materials 
required. The assessment the public health aspects viruses the water 
environment requires improved methods for recovery and identification vi- 
ruses, especially the treatment water. 

These are some basic problems water supply. Should concede that 
the routine identification unknown substances, inert, organic viable, 
water too difficult? Because this difficulty, would practicable re- 
quire the polluter purify waste completely? Are giving sufficient atten- 
tion the possible adverse cumulative effects foreign materials drinking 
water? For the immediate future, professional judgement will have applied 
these issues. But the supporting data, through research, should sought 

From “Water Supply Research,” Hollis, Chief, Division Sanitary 
Engineering Services, Public Health Service. 


WATER POLLUTION PROBLEMS 


The Scope Research Needs.—The products man’s activities, and espe- 
cially the magnitude and diversity his solid, liquid, and gaseous wastes, are 
increasing accelerating rate with the improvements technology advanc- 
ing industrialization, and ever-expanding populations. These products and wastes 
create impact upon the environment and affect the ecology all living crea- 
tures, including man himself. 

The advent water pollution seldom sudden. the wastes increase 
quantity strength, pollution becomes evident and then possibly acute. Finally, 
regulatory body court lawtakes force abatement inaccordance 
with local statutes riparian law. last step, someone may get around 
research other investigation the polluting mechanisms, the assimilative 
power and ecology the receiving waters, and the integration the entire water 
system. effect, then, research lags behind practice and abatement. 

1953, the National Research Council approved outline for productive 
research, prepared Thomas, Jr. The recommendations included: 
re-evaluation indices pollution and contamination; methods evalu- 
ating pollution load capacities streams and improvement plant design; 
more effective and economical waste treatment and disposal methods for 
small and isolated communities; and in-plant modifications industrial pro- 
cesses reduce amounts objectionable waste. 

1954, the Committee Research the Federation Sewage and Indus- 
trial Waste Associations published survey current research problems 
prepared Heukelekian and Wisely. Problems need study in- 
cluded: Synthetic detergents; toxicity biological treatment processes; 
toxicity natural waters; biological treatment processes; stream pol- 
lution criteria; pathogenic organisms; hydrogen sulfide; pre-aeration; 
aeration; 10) sludge digestion; 11) sludge concentration; 12) undigested sludge 
dewatering; 13) BOD determination; and 14) radioactivity sewage and sludge. 
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1956, the National Technical Task Committee Industrial Wastes polled 
its membership and compiled list research projects 
the order their priority. 

comprehensive program suggested research needs was prepared 
Bernard Berger the Robert Taft Sanitary Engineering Center. 
described detailed studies needed the areas analytical methodology, effects 
water uses, and treatment. 

Many the specific research needs now recognized can grouped into broad 
problem areas: reclamation and reutilization waste waters; ecology 
receiving waters; integration and coordination water pollution control with 
water resources management; and development better research 
personnel. 

From “Water Pollution—The Scope Research Needs,” McKee, 
Professor Sanitary Engineering, Division Engineering, California Insti- 
tute Technology. 

Practical Aspects Research.—The impact the development modern 
metropolitan areas great significance man’s environment. sanitary 
engineer surveyed the collection and disposal waste water metropolitan 
complexes, would certainly conclude that special districts are justified for 
sanitary engineering activities well for schools. The fact that the metro- 
politan area being used more andmore providing for waste water disposal 
would seem justify them. 

Perhaps study this approach assure its continuationor point 
the way for improved water pollution control 
metropolitan areas. Sucha project would have important economic well 
engineering aspects. 

Odor control sewers, pumping stations, and treatment plants definite 
need waste water treatment. Fundamental work odor-causing compounds 
and odor intensity measurement was done Harvard University, Cambridge, 
Mass. more than ago (early 1930’s). Since that time, much has been 
written about sources odors and how these may through clean- 
liness the plant and chemical treatment. 

Further research higher degrees waste water treatment could also 
ment. However, satisfactory disposal treated hydrowastes will become more 
necessary future years because the volume wastes treated will in- 
crease and the volume receiving stream will remain constant. 

important continually watch the researchreports. Un- 
published research work remains most other researchers. For this 
reason, all research, whether not appears productive, should reported 
its conclusion the wasted money repeat can avoided. 
From “Water Aspects Research Needs,” Ralph 


Fuhrman, Executive Secretary, Federation Sewage and Industrial Wastes 
Associations. 


AIR POLLUTION PROBLEMS 


Research Problems Air Pollution.—Inany air pollution situation, the first 
requirement know what standards air cleanliness are maintained. 
necessary desirable maintain these standards for health reasons 
necessary and what will cost? hydrocarbonsand the oxides nitrogen are 
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responsible for eye irritation, crop damage, and limited visibility, what are the 
effective concentrations and what are the feasible steps availableto change the 
underlying chemical reactions? diesel exhausts are signif- 
icant cause air pollution, whose responsibility develop the control 
equipment, how much will cost, and when and where required? 

Air pollution does not respect political boundaries. has become increas- 
ingly evident that the control and abatement air pollution nota narrow local 
problem, but one that calls for country-wide, statewide interstate regulation 
and cooperation. The elimination the causes air contamination rather than 
the abatement nuisance appears the goal present day legislation. 

While health hazard need not demonstrated establish the need for air 
pollution control, the relation pollutionand chronic disease must 
found. 

Los Angeles, California, medical and scientific group recommended al- 
lowable concentration for small number specific compounds commu- 
nity atmosphere. Limits were established for oxides nitrogen, ozone, sulfur 
dioxide, and carbon monoxide. These limits, parts per million air, were 
adopted and have been force since 1955. 

More information needed the factors affecting air movement different 
types localities and the interaction and fate pollutants, especially 
times temperature inversion and fog when the concentration pollutants 
likely greatest. important that there thorough study local 
meterological conditions planning for the abatement pollution and for its 
prevention the planning new industrial and community development. 
population grows, communities andindustry must grow meet people’s needs. 
satisfactory solution air pollution not the denial space for growth 
but rather informed site selection and effective control air-borne wastes 
the source. 

From “Research Problems Air Pollution,” McCabe, President, 
Resources Research, Inc. 

Future Problems Air Pollution.—Substances causing eye irritation, accu- 
mulations ozone, damage vegetation, and possible physiological damage 
man appear labile, transitory constituents ever-changing system 
and, therefore, have proved difficult measure identify. Their existance 
appears depend the photochemical formation free radicals, indeed 
certain types free radicals are not responsible for the suspected 
effects. Because the existence free radicals essentially co-terminous with 
the activating solar energy, capture and analysis apart from the continuously 
activated system have not been accomplished seriously attempted. 

course, the primary reactants involved the chains reaction can 
recognized. Los Angeles, the elimination oxides nitrogenandof organic 
vapors, especially the unsaturated compounds, would effectively inhibit the form- 
ation the suspected labile intermediate compounds. But has proved difficult 
ban fiat either these two classes reactants. The practical form 
control such reaction products will prove bea selective elimination 
those species primary compounds that are determined dominate the iden- 
tified chain reactions. Still missing considerable informationabout what hap- 
pens sulfur compounds photochemically activated atmospheric systems. 

Prolonged dosages low levels concentration highly reactive oxidents, 
free radicals, and condensation products the photochemical reaction or- 
ganic compounds are strongly suspect chronic and acute diseases 
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the respiratory system. Which any? what levels concen- 
tration they over long periods exposure? they 
produce predispose carcinomas the lung and other sites? Does long 
exposure any them some level concentration affect longevity, work 
efficiency, general well-being? any them, specifically combina- 
tion with other circumstances, affect respiratory other restrictive system- 
atic impairments? All these question answered. 

For long time the future, the will limit the understanding 
atmospheric reaction and their products, the effective monitoring pollutant 
levels, and useful pollution surveys. methods for 
air pollution work need inexpensive, simple, direct, principle 
and operation. One the most pressing immediate needs the provision 
bases for selecting simple, direct indexes pollution that are related 
identifiable patterns pollution sources. 

Much less certain, however, arethe major air pollution concerns the next 
half century. The problems increasing some exponential relation- 
ship national and world populations. Almost all the environmental factors 
demanding attention are two kinds; those involving competition for finite 
amounts the materials required for human existance, and those resulting 
from the accumulation by-products the human utilization such substances. 

Thus air, water, and basic nutritional, industrial, transport, and energy re- 
quirements become the foci efforts maintain health, reasonable living 
standards, and some comfort the face exploding population. Sooner 
later health agencies will have face the fact that 600 million people cannot 
live well the waste products resources capable sustaining half that 
number. 

From Future Problems Air Pollution Research,” Leslie Chambers, 
Director Research, Los Angeles Air Pollution Control District. 


FOOD TECHNOLOGY PROBLEMS 


Research Food Technology.— Food processing and distributionis about 
$80 billion industry, thus making the largest the United States. Concomi- 
tant with the industry’s growth, there has emerged need for further informa- 
tion about the effects processing Stability, shelf life, extremely 
important all foods, for practically none are imperishable under adverse tem- 
perature conditions. Deteriorative changes resulting loss flavor, color, 
texture, and nutritive value occur very commonly during storage. 

The aesthetic values foods are major consideration. While insect con- 
tamination probably not harmful, repugnant and chemical fumigants are 
used control it. There should sufficient data support the view that these 
fumigants are safe. The nutritional value foods isof prime importance. Be- 
cause improper harvesting, distribution, and handling fresh foods, would 
not surprising find that, the whole, processed foods have better vitamin 
retention than the fresh. There need for extensive studies the accept- 
ability, nutrition values, and general quality fresh produce. 

Great changes are taking place canning procedures. The so-called short 
high-temperature procedure receiving more consideration because possi- 
bility increasing case yields, faster operation, and better color and flavor. 
However, its relationship storage stability, nutritional value, and accepta- 
bility the produce not completely known. The rapidly increasing rate 
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production frozen foods, particularly precooked partially cooked dishes, 
makes improbable that adequate study has been made the changes 
microflora that occur during this type processing. Concentration foods 
the use vacuum relatively low temperatures now common pro- 
cessing procedure. However, great deal yet learned about its effect 
enzymes, chemical changes, microbial survival, and vitamin retention. 

Circumstantial evidence indicates that food-borne infections are fairly com- 
mon, but the amount work being done investigate them limited. Today 
most our foods are packaged. The Food and Drug Administration insists 
that safe materials used packaging, nevertheless need know how 
these materials may affect food. The food industries are mechanizing rapidly 
possible even though the effects mechanization acceptance, nutritive 
values and storage characteristics are not completely understood. Food should 
considered from the time the seed planted, the egg laid, the animal 
born, until consumed. much can happen food passes through 
various stages, and any one factor may markedly affect it, that nothing 
overlooked. 

From “Research Problems Food Technology,” Emil Mrak, Chairman, 
Department Food Technology, University California. 

Problems Food Technology.—Much research work has been done the 
field animal nutrition but proportionately little human nutrition. study 
the specific application humans some the important principles 
nutrition learned the feeding domestic animals also should provide valuable 
information help man conquer his environment. Sooner later, perhaps very 
much later, the problem will shift from that too much too little food. 

Practically all the processes preserving foods the application heat 
have been developed the point which known important health hazard re- 
mains. this category, include pasteurization, so-called sterilization, and de- 
hydration. still would helpful, matter basic scientific interest, 
more completely develop the curves showing the effect heat least the 
more heat resistant the common pathogens milk and some other foods. 

Commercial canners have solved the serious problems the spread 
botulism through canned goods and has resulted improvement 
the taste and nutritional properties their product. 

The possibility the commercial foods radiation has been 
the subject much ballyhoo feature articles. More, generally, study 
needed possible effects radioactive fall-out supplies the future. 
Great progress the development chemical products recent years has 
carried with marked increase chemicals available for addition foods 
directly indirectly well inincreased interest the possible use such 
chemicals. 

Like common colds, cases food poisoning are always with us. One the 
basic research needs identification the toxin staphylococcal food poison- 
ing and the development simple test for detecting its presence food. 
Finally, there need for basic study the possible role foods spread- 
ing virus diseases. important stress the need for long and broad look 
ahead before attempting select categories for research intended improve 
man’s environment. 

From “Problems Food Technology Research,” Walter Tiedeman, 
Executive Director, National Sanitation Foundation, School Public Health, 
University Michigan. 
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OCCUPATIONAL HEALTH PROBLEMS 


Research Occupational scope and treatment this area would 
much easier could confine the concept “occupational health” that 
few decades past. The change focus from “industrial” “occupational” 
has widened significantly the field interest. 

How reliable are our criteria relating hazardous chemical and physical 


agents (such threshold limits) terms remote and more difficulty iden- 
tified effects—shortening life span, cancer, interference with work effective- 
ness? 


would much more complacent with respect the reliability our 
criteria for chemical exposures the developments the area radiation 
effects were not constantly and emphatically before us. Eventhough rec- 
ognize the probably broader implications the radiation problem, the acceptance 
these implications, establishing threshold limits such remote measures 
injury shortening life detrimental effects future generations, 
must cause with the paucity such information for many 
common and ubiquitous industrial chemicals. 

Can develop methods for evaluating occupational hazards—particularly re- 
mote effects such shortening life span, cancer, genetic damage—that will 
reliable, practical, and economically reasonable? 

With the synthesis hundreds new chemical components year, with the 
acceleration the laboratory curiosity industrial application, 
the need for more rapid and reliable methods for determining tentative thresh- 
old limit values isacute. Howgreat isthe needfor more economic and yet more 
meaningful technics for evaluating the hazard new chemicals? Who should 
it? Who competent? How make the results such research avail- 
able all? Accidental over-exposures occur, spite our best safety efforts, 
and with them the need for effective methods treatment. 

What kind research, what new approaches the problems causation 
and prevention accidents likely give the greatest yield? 
which interest and concern really just developing the relation the 
increasingly automatic machine and the people who operate it. The problems 
generated involve elements such mental fatigue, job motivation, 
and job satisfaction. 

The relationship between man his occupation, and his supervisor, his co- 
workers, his subordinates, his customers, his suppliers goods and services, 
once the most interesting and most complex the environment contacts. 
The increasing frequency with which meet such termsas “human relations,” 

“supervisory training,” and “industrial psychiatry,” ample evidence the 
awakening recognition that problems involving the inter-relations people 
the occupational milieu are important and need solution. 

From “Research Problems Occupational Health,” James Sterner, 

D., Medical Director, Eastman Kodak Co. 


SUMMARY STATEMENT 


There are two routes that might followed summarizing the presentations 
inthe Conference. The first would torepeat and review all the specific areas 
research that have been delineated. The second route, which may more 
interesting and profitable, has been selected. This constitutes attempt 
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link together environmental complexes that may common all the fields 
described. The environmental complex which speak has physical, biolog- 
ical, and social components. There are multi-causes common disease and, 
hence, the control disease involves multi-disciplines. 

The interrelationship between empirical approach basic science 
approach the control the environment is, again, area speculation. 
partly empiricism, partly scientific proof, and partly epidemiological 
cues. must necessity make promptly more intensive and profound use 
that good epidemiology, ananalytical discipline. sharper 
identification the cause disease, than has fortunate state affairs 
the case infectious disease. 

The microscope opened new world. The spectroscope, all fields 
biochemistry, turn disclosing greater vistas. has been well stated that 
“scientific activity has always been conditioned more available methods for 
study than the relative importance problems.” Sound criteria guide 
public and private action represent another prerequisite intelligent program- 
ming. The development personnel involves problem the integration 
disciplines, while, the same time, preserve professional identity. 

the area environmental hygiene, the Public Health Service can design 
workshop for the engineer, biologist, physicist, and social scientist where they 
work jointly, withthe corridors constructed that people must bump into each 
other. The Service should make maximum use communications that 
various disciplines related the environment think jointly with the increasing 
aid mechanical devices automation. These functions lead another task, 
namely, provide the aids for selection objectives the field environ- 
mental control. 

Our industrialization has brought progress and problems that must balanced 
with education. Henry Adams noted: “For thousand years man has kept 
step with his changing needs; probably will continue so, only now 
will have jump.” 

From “Manina Complex Environment,” Abel Wolman, Professor San- 
itary Engineering. The Johns Hopkins University. 


CONCLUSIONS 


Sanitary engineers should provide the leadership the entire area envi- 
ronmental control. Complete integration and coordination the broad areas 
water usage and water pollution needed. Research problems water 
pollution should more actively supported the Public Health Service. Water 
Quality criteria should reviewed and defined, asan important guide for reg- 
ulatory agencies, and economic considerations should evaluated. 

Research needed the catagorical relationships health effects atmos- 
pheric pollutants the physical science involved and engineering studies. 
meet evident needs this field, available resources should channeled 
specific projects the basis urgency need and expected productivity. 

Food constitutes dominant component man’s environment that contin- 
uously undergoing change. broad program research food technology 
urged that these changes may properly appraised before they reach the 
application stage. 

Team approach and interchange information should emphasized among 
professional groups the field occupational health. these studies both 
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sociological and economic information should developed and should provide 


baseline for evaluation engineering relation specific occupational 
hazards. 
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SYNOPSIS 


Personnelof the Lehigh Water Resources Research Council, under contract 
the Interstate Commission the Delaware River Basin, have developed 
fully automatic sampling facility for parameters which are indicative water 
quality. The pilot station Riegelsville, New Jersey currently recording 
temperature, pH, conductivity, dissolved oxygen, and turbidity. intercon- 
nected network stations for the Delaware River proposed. 


INTRODUCTION 


With the ever increasing use water suitable for municipal and industrial 
purposes, has become more important appraise water quality ona contin- 
uous basis. 


Note.—Discussion open until December 1960. Separate discussions should sub- 
mitted for the individual papers this symposium. extend the closing date one 
month, written request must filed with the Executive Secretary, ASCE. This paper 
part the copyrighted Journal the Sanitary Engineering Division, Proceedings 
the American Society Civil Engineers, Vol. 86, No. July, 1960. 

The original proposal the Lehigh Water Resources Research Council develop 
monitor system for water quality was presented March, the Interstate Com- 
mission the Delaware River Basin. Subsequently, the work this field the Ohio 
River Valley Water Sanitation Commission came the attention the Lehigh Council. 
Since their publication (1) September, 1958, the Lehigh group has been touch with 
them and has gained exchange ideas. 
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There are two basic methods evaluating the quality surface waters. 
These differ their dependence the application either biological cri- 
teria chemical criteria. The customary methods biological analyses are: 
Pollution evaluation terms the presence and relative abundance the 
colon-aerogenes bacteria; direct microscopic counts larger micro-organisms 
the classical Sedgwick Rafter method; and the diatometer method develop- 
the Academy Natural Sciences, Philadelphia. The latter method de- 
pends upon the fact that many microscopic organisms attach themselves giass 
slides submerged just under the surface body water. These biological 
methods serve appraisal the quality water supply for studies 
aquatic biology. 

Insofar chemical methods are concerned there are again variety 
procedures, each applicable particular situation. many instances 
combination chemical analyses needed obtain reasonably accurate 
picture the quality water. There are standard methods for determining 
such variables ammonia, nitrite nitrate nitrogen, chloride ion, dissolved 
oxygen, and oxygen demand 

Many the chemical methods serve indices past rather then present 
pollution organic origin. Various types organic materials discharged in- 
body water are acted upon naturally occurring micro-organisms. 
The products the metabolism these micro-organisms may result the 
liberation the ammonium nitrate ion. While the ammonium ion 
usually indicator existing pollution, the nitrate ion indicates past pollu- 
tion that has become stabilized microbiological activity. 

When chemicalor completed single water sam- 
ple, the only information available the nature the water the moment 
sampling. alternate procedure collect samples regular intervals 
during day, combine these so-called composite pooled sample and 
analyze this material. clear that the pooled samples will indicate only 
the average conditions during the time the sampling period and will reveal 
information variations within the sampling period. Consequently, 
order investigate more precisely the changing quality water, one needs 
sample and analyze regular short intervals. This particularly import- 
tant where water potentially subject intermittent pollution due industrial 
activity. is, therefore, desirable develop instrumental system that can 
appraise certain the well-knownvariables water and dothis anauto- 
matic semi-automatic basis. 

The purposes this investigation were; devise instrumental sys- 
tem capable recording automatically certain physicochemical characteris- 
tics water laboratory basis, assemble data and evaluate exist- 
pertinent recordable variables asa basis for semi-continuous mon- 
itoring water quality, and set pilot monitoring installation the 
Delaware Basin for field testing maintenance, stability, durability, and 
cost. 

evident that this instrumentation can serve two purposes. The first 
collect data the fundamental ecological factors the aquatic environ- 
ment, and the second detect departures from the norms particular 
environment and collect samples automatically such times and pro- 
vide warning the existence unusual conditions pollution ofa river. 
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WATER QUALITY 
PERTINENT WATER CHARACTERISTICS 


There are six variables that regard highly diagnostic environ- 

mental factors and water quality. One additional feature, that not now be- 
ing investigated but will require future consideration, radioactive contam- 
ination. For these six variables our present knowledge indicates that may 
readily detect man-made natural departures from the normal ranges 

these properties, combinations them. Progress date instrumenta- 
tion, data assembly, and evaluation each these variables pilot moni- 
tor station will discussed briefly. 


Temperature.—Temperature pertinent variable for the following rea- 
sons: 


The temperature surface water function climatic conditions. 

Industrial utilization water frequently adds the heat burden riv- 
ers. With the increased demand for electrical power, additional river water 
being usedfor condenser cooling anda relatively new problem termed “ther- 
mal pollution” has been created. The Water Resources Research Council 
Lehigh University, Bethlehem, Pa., currently investigating rational criteria 
for the limits heating part the Delaware River relation the total 
biology the river this area. They have regularly observed that temper- 
ature changes profoundly affect the growth, metabolism, and behavior ani- 
mals and plants the river. 

Temperature variations significantly affect the measurement three 
the variables subsequently discussed. For these, temperature compensating 
devices are included the recording equipment. 


Initially, circular chart recorder, electrically driven, with xylene filled 
bulb set the range 0°C 50°C was installed. the present pilot installation 
the incoming water travels through 250 the river the record- 
ing equipment. Thus,a definite thermal lag was observed with peaks due 
residual heat the recorder building and the heated and insulated pipe dur- 
ing wintertime operation. thermistor was installed the river the pump 
and river temperature now measured the conductivity recorder, using 
nomogram convert micromhos into centigrade degrees. 

Conductivity.—Water conductivity relative measure concentra- 
tion and sensitive variations ionized inorganic organic materials 
water. evident that the recording decrease conductivity (as from 
heavy rain) not particularly useful datum but also clear that sud- 
den substantial rise the conductivity would indicative ionized pollution. 

example indicative the specific response conductivity illustrated 
some the data Narrowsburg, New York, (2)(3)(4). 


TABLE 


Date Conductivity Potassium Sodium Chloride Solids 
July, 1949 ppm ppm ppm 


7.5 2020 395 505 
6.6 72.2 5.4 


3.2 


Represents normal river conditions. 
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clear that only moderate change occurred but also that sub- 
stantial amount potassium sodium chloride solution was discharged into 
the river. Chemical analyses revealed twenty-six foldincrease bicarbon- 
ate ion concentration, three-fold increase calcium, seven-fold increase 
magnesium and four-fold increase total hardness. These are adequate 
permit reconstruction the composition and originof the pollution. mon- 
itoring installation this point would have detected the pollution, transmitted 
appropriate warning adequate sample for de- 
tailed analysis. 

Inspection the published tables conductivity Delaware River water 
(2)(3) indicates that for non-polluted waters above Easton, Pa. the conductivity 
less than 100 micromhos 25°C. For example, the Delaware River near 
Richmond, the water year September 1946 September 1947, the spe- 
cific conductance varied from 60.2 77.5 micromhos 25°C and averaged 
67.9 micromhos. This water, relatively unpolluted, when sampled Easton 
during the same year showed the vollowing variations: 72.1 119 micromhos 
with average 93.1 micromhos 25°C. evident that readily mea- 
surable addition materials had entered the river from industrial in- 
stallations near Easton, Pa. Morrisville, well below Easton, the figure 
rises about 140, while further downstream, between Bristol and Marcus 
Hook, conductivities may inexcess 170 micromhos. Specific conductance- 
duration curves (3) will permit the establishment ranges for various locations. 

the basis this information, conductivity recorder has been utilized 
for the range 500 micromhos and this instrument has proven suffi- 
ciently versatile apilot installation. Temperature compensationis provided 
this instrument together with adjustable mercury may provide 
warning conductivities exceed pre-set upper ranges. Temperature com- 
pensation refers conductance readings the standard value 25°C (77°F.). 
Since ionized solutions have negative temperature coefficients, substantial 
rise the temperature may increase the conductance with essentially 
change the ionic concentration. 

Hydrogen Ion Concentration.—Significant variations the pHof surface wa- 
ters common. The Delaware River varies between about and 8.5, 
and the Schuylkill River has yieldedvalues low 3.8. The latter value un- 
doubtedly reflected the effect mine drainage prior the Pennsylvania pol- 
lution abatement program. Nevertheless, the question might properly rais- 
monitoring device. Since there appears functional relationship be- 
tween these two variables, the question must answered affirmatively. This 
independence has been confirmed plot versus conductivity from 
measurements made the Delaware River Pennsylvania, Narrowsburg, 
Richmond, Easton, and Morrisville (3). The scatter points obtained was 
great obviate the statistical computation regression correlation. 
The cause this lack correlation follows from the chemistry the and 
conductivity changes. 

For example, high values (ca. 8.3) have often been found regions 
the Delaware River where low mineralization common. Such high values 
are often due reduced carbon dioxide concentration during active photosyn- 
thesis aquatic plants. Since this occurs only the daytime and generally 
bright sunlight, periodic phenomenon. fact, sunset the photosyn- 
thetic process ceases and normal carbon dioxide production due respira- 
tion green plants predominant. However, since carbonic acid weakly 
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WATER QUALITY 


ionized, these large changes are not paralleled large changes conduc- 
tivity. Yet waters limited buffering capacity this change may ex- 
cess one two units, over 100-fold change hydrogen ion con- 
centration. 

Organic pollutants limited ionization may produce similar larger 
changes without substantially altering the total conductivity. Thus, po- 
tentially fermentable material, such canning wastes when first introduced 
into water, which low mineralization, will liberate extractives alter 
the pH. carbohydrate significant constituent, organic acid production 
aerobic metabolism microorganisms willlower the pH. Al- 
ternately, significant protein constituent will yield amines and ammonium 
ions with increase pH. Thus, the will change substantially while con- 
ductivity may change moderately. either case, the oxygen demand the 
microorganisms will cause substantial reduction the dissolved oxygen. 
This last change may lag substantially behind changes and conductivity 
particularly the oxygen content initially near saturation. This example 
only one the many possibilities that may occur but considered high- 
probable. clear that only experience will indicate reasonable criteria 
for appraisal the importance these variables. 

For measurement hydrogen ion concentration electronic meter in- 
cluding amplifier and circular chart recorder the range 
used. Temperature compensation also provided since the glass electrode 
and calomel half-cell are sensitive temperature change thus altering the 
differential electrical potential, which measure pH. with the con- 
ductivity recorder special contacting switches are included provide warn- 
ing the exceed the upper lower pre-set limits. 

Dissolved Oxygen Concentration.—Oxygen necessary for the metabolism 
most organisms surface water. supplied diffusion and mixing 
the air-water interface and photosynthesis. Since the photosynthetic oxy- 
gen production may added that from the diffusion and mixing equilibrium, 
possible obtain values above saturation. Thus, 20°C, the absence 
photosynthesis, the saturation value for fresh water 9.17 parts per mil- 
lion. However, active oxygen production plants can readily add 50% more 
oxygen the water. This expressed 150% saturation. 

Aquatic animals are continuously consuming oxygen. addition, bacteria 
and other microorganisms will consume oxygen proportion oxygen con- 
centration and the organic food stuffs available. common source such 
food stuffs industrial organic pollution. Complete exhaustion oxygen re- 
sults the water because the oxygen-requiring microorganisms are 
incapable reducing the pollution stable forms. With inadequate oxygen, 
fish and other oxygen requiring animals are killed and add the pollution 
load. Dilution this waste and introduction oxygen permit the development 
zones progressive recovery. is, therefore, possible specify mini- 
mum consistent withthe biology and chemistry river 
any point. 

Unlike the other three variables described above, there was initially de- 
pendable method for the automatic determination dissolved oxygen the 
desired range. Reasonable possibilities fell into four categories which two 
were promising. was deemed necessary investigate all these. each 
category the presently reported decisions were developed the course lit- 
erature search, correspondence, consultation laboratory appraisal. The 
following condensedversion the detailed reports the Interstate Com- 
mission the Delaware River Basin. 
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Colorimetric Determination Oxygen.—The possibility has been investi- 
gated using Indigo-Carmine, oxidation-reduction dye (5), colorime- 
tric indicator oxygen concentration. However, objections were found the 
method. These were, briefly, the relative insensitivity the method the 
range 2-12 ppm variable influence suspended par- 
ticles clay, and forth, which are irregular contaminants river water; 
and the undetermined influence hydrogen ion, dissolved salts, and organic 
contaminants any colorimetric method. other suitable dye has turned 
the literature search. 

Mechanized Winkler Method.—The classical Winkler method for dissolved 
oxygen determination (6) has been modified various ways for interferences 
(7) such nitrite, ferrous, and polythionate ions. The principle involved 
the quantitative oxidation alkaline manganous hydroxide the oxygen con- 
the sample ofwater. Acidification releases anamountof iodine equiv- 
alent this oxygen content. Customarily the iodine titrated with standard 
thiosulfate solution, using starch indicator. possible, however, 
measure the colorimetric procedure provided that cor- 
rection made for interfering color and turbidity. This has been done ina 
mechanized way Briggs et. al. (8). This method requires the sequential ad- 
dition reagents with appropriate intermediate mixing. The liberated iodine 
measured calibrated spectrophotometric assembly with subsequent 
reading after the iodine color has been discharged with sodium sulphite. The 
second reading provides areference for correction water color turbidity. 

similar design was independently evolved but work was discontinued 
with the availability information two more promising and less complex 
methods. 

Gas-Equilibrium Methods.—Two gas-equilibrium methods are available. 
One method, reported Thayer and Robinson (9), uses paramagnetic oxygen 
analyzer for continuous recording. their developmental instrument hydrogen 
used strip oxygen from continuously flowing column water. The wet 
gas mixture fed throughthe analyzer andis vented. necessary main- 
tain uniform water and hydrogen flow rates keep the ratio these two con- 
stant. The instrument was not investigated further because more promising 
method was under development personnelat the Robert Taft Sanitary En- 
gineering Center, United States Public Health Service (USPHS) (10)(11). 

The principles involved the latter method are those Henry’s 
law pertaining solubility non-reactive cases water and the basic theory 
aeration processes set forth Haney (12). This study included the in- 
fluence substances other than gases dissolved the water. equilibrium 
condition, the measurement, expressed percentage oxygen saturation, 
was essentially independent temperature, barometric pressure, ionic con- 
centration, organic pollutants, aeration constants dissolved nitrogen. 

practice small volume gas, initially pure nitrogen, was expo- 
nentially attained equilibrium with continuous through-put oxygen-containing 
water. The oxygen content the flowing water was essentially unchanged 
whereas the constant gas volume lostor gained oxygen dependent upon the aer- 
ation constants for oxygen and nitrogen and upon the other physical constants 
the system. The gas mixture was recycled through nondestructive gas 
analyzer and volume variations were compensated the gas flow through 
pressure regulating system. However, critical regulation flow, and pres- 
sure were required and gas entrainment had minimal. 
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Electrochemical Methods.—Several electrochemical methods were consid- 
ered but only two were actively developed. These are dropping mercury 
electrode anda silver-silver oxide versus platinum system. Among the meth- 
ods considered was the rotating platinum electrode based the work Kol- 
thoff and Laitinen (15) and modified March (16) and, most recently Arm- 
strong, et. al. (17) for oil field brines. recent (1959) report Stracke (18) 
describes dual rotating electrode system which brushes are usedto main- 
tain clean and uniform area the electrodes. Saila (19) reports anelec- 
trode system zinc and 10k gold alloy that includes thermistor bridge 
circuit. Temperature measurement and correction the cell current mi- 
croamperes provide linear relationship with oxygen concentration. evi- 
dent that this system not applicable continuous recording but offers 
promise for field use when frequently checked. 

The dropping mercury electrode has been known since 1924, the basis 
fundamental work Heyrovsky (20) and discussed detail Kolthoff 
and Lingane (21). state that oxygen undergoes reduction pro- 
cesses stages dependent upon the acidity alkalinity the solution and 
that these irreversible reactions produce diffusion currents that are functions 
the oxygen concentration fixed voltage. The diffusion current also de- 
pendent upon the size and the production rate mercury droplets per unit 
time and upon the temperature. 

has been found that the diffusion current increases rate less than 
per degree centigrade the range near 20°C. With the availability nega- 
tive temperature coefficient compensation thermistors minus per 
degree centigrade, suitable temperature compensation provided shunt- 
ing the microammeter. Control diffusion and rate mercury feed are re- 
quired for this electrode system and have been achieved elaborate constant 
head devices for water flow and mercury feed. promising modification 
the dropping mercury electrode recently appeared (23). This electrode pro- 
vides diffusion current means wide bore capillary slop- 
ing upward 45°. Using this principle and several independent modifications, 
functional dropping mercury electrode was developed. Periodic irregular- 
ities the diffusion current were minimized the inclusion 8,000 micro- 
farads capacity across the microammeter, and are, therefore, parallel 
with the input the recording which had input impedance 
50,000 ohms. 

This electrode was unreliable low conductivities. The upper Delaware 
River may have conductivity low micromhos, particularly after 
heavy rain. was necessary provide sodium chloride solution feed, con- 
stant head, maintain conductivity above 200 micromhos. Certain other dis- 
advantages are inherent with the mercury electrode. addition toxicity 
the metal, there required adequate cleaning equipment using Oxifier and 
gold-alloy adhesion filter each pass mercury through the electrode 
system. Small losses are unavoidable and, therefore, further development 
this system was stopped. 

Another electrochemical method uses platinum against sacrificial elec- 
trode. inherent difficulty this method metallic deposition and other 
contamination the platinum electrode from the oxygen containing solution. 
This problem has been solved the use membranes permeable oxygen 
but not most ions (24). Carritt and Kanwisher (25) and Kanwisher (26) used 
silver-silver oxide system against platinum develop stable electrode 
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suitable for oxygen measurements aquatic environments. Several these 
electrodes have been made. Each electrode consists cylinder pure sil- 
ver (not sterling), which 0.010 in. wall thickness, 1.5 in. long and 0.75 in. 
diameter, and disk platinum 0.01 in. thickness and in. diameter. 

The platinum formed shallow concave shape. Both electrodes are 
molded with terminals into epoxy casting resin. The electrodes are sur- 
rounded bag polytethylene film and the internal electrolyte 0.5 po- 
tassium hydroxide. input 1.1 obtained from potentiometer. Cur- 
rent indicated and constant temperature the current 
nearly linear function oxygen concentration. For recording, the micro- 
ammeter terminals serve input standard recording millivoltmeter 
sufficient impedance minimize load the electrode circuit. polyethylene 
film 0.002 in. thickness has been used and has been found that, compared 
the thinner films used this film mechanically strong sensitive 
water flow around the electrode system. The platinum electrode has been sur- 
rounded with filter paper that reduces the response time slightly but also re- 
duces the electrode sensitivity flow rate. necessary avoid deposition 
silver oxide crystals the area between the two metallic electrodes 
order prevent short circuiting. 

There considerable difficulty achieving adequate temperature com- 
pensation. basis determinations the Lehigh group and those 
investigators the Taft Center and Carritt and Kanwisher (25,26) ap- 
pears that nearly change per degree centigrade the value the shunt- 
ing resistor the microammeter recorder required. Since stable 
thermistor assembly the desired range has not been found, will nec- 
essary provide for purely mechanical inclusion resistance for parti- 
cular temperature value. present, compensating thermistors are used with 
resistance change -4.4% degree centigrade the circuit. Therefore, 
correction factor exists for current oxygen records. Present investigations 
are being carried out using bi-metallic helix driven attenuator that 
thermal contact with the water flowing through the Carritt electrode 
assembly. 

One other factor that deserves mention the influence flow rate around 
the electrode. Carritt and Kanwisher (25) note that velocities above 0.2 
per sec achieve stable state instrument deflection. For the Delaware 
River installation, similar stability reached with flow rates above 0.3 gpm 
around the electrode assembly. also noteworthy that the electrode sys- 
tem was found photo-sensitive and that the variable effect light must 
excluded for consistent recordings. 

Turbidity.—Turbidity markedly reduces the photosynthetic activity body 
water which turn affects both hydrogen ion and oxygen concentration. 
Transmission type turbidimeters are expensive and require frequent cleaning 
the glass surfaces. reflectance type muchless expensive 
and easily cleaned. 

recently developed instrument records total reflectance water flowing 
through copper tube in. diameter and about length. The internal 
walls the tube are flat black and, with water negligible turbidity, the in- 
ternal illumination completely absorbed that light reaches the photo- 
cell detectors. The photocell detectors are mounted above the water column 
together with the carefully shielded light source supplied from constant vol- 
tage transformer. For turbid water, the back reflectance supplies diffuse 
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light the selenium photocells proportion the suspended solids. Cali- 
bration made against the Jackson Candle Turbidimeter. The signal from 
the photocells fed recording millivoltmeter. possible that ap- 
proximate relation may established with the content present “grab” sam- 
ples for silt carriage both the Delaware and Lehigh Rivers. One these 
reflectance type turbidimeters has recently been installed and data being 
accumulated correlated with the other variables. 

Sunlight Intensity.—It well known that sunlight primary determinant 
photosynthetic activity. Variations intensity influence and oxygen 
values and lesser extent conductivity. Barrier layer photocells have been 
found unacceptable due instability and marked temperature error. 
standard 10-junction Eppley Phyrheliometer has just been installed with 
output 2.41 millivolts per gram-calorie per square centimeter per minute. 
This calibrated instrument will serve the initial index available radi- 
ant energy and will indicate meteorological information indirectly. with 
the turbidimeter, the output millivolts and can recorded part the 
cycle standard millivolt recording instrument. 


THE RIEGELSVILLE MONITORING STATION 


present five variables, not including sunlight, are being recorded the 
Riegelsville, New Jersey Monitoring Station. There are two sampling periods 
per hour continuous time basis. Electric clock driven microswitches and 
relays provide the appropriate timing. Two the recorders print two vari- 
ables the same chart indicated the following operating sequence: 


Minutes Event 
oxygen recorder on. 
oxygen recorder off, recorder returns 
reference voltage. 
record. 
off and returns reference voltage. 


Conductivity off and returns temperature 
recording lower half conductivity 


record. 
drain solenoid valves open. 
drain solenoid valves close. 


The experimental station for monitoring the Delaware River located 
the New Jersey side the Delaware River Riegelsville, New Jersey. 
The instrument house located property the Delaware River Joint Toll 
Bridge Commission. Arrangements were also made for installing piping and 
electrical circuits the bridge structure itself. 

The physical layout the station involves submersible pump attached 
float, boom, which holds the pump deep water, extending ap- 
proximately out the downstream side bridge tower, the pipeline 
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and electrical connections from the pump the instrument house, and the in- 
strument house with sampling apparatus and recorders. 

The pump mounted float that allows sampling from constant depth 
about from the water surface regardless river stage. The pump and 
thermistor wiring for temperature determination are attached the boom 
length plastic pipe with cable support and electrical wires for the 
pump and attached thermistor assembly. The bridge pier serves protect 
the apparatus from debris and ice floating the river. 

200 iron pipe extend from the instrument house the boom. The 
piping arranged drainfrom pointnear the back through 
the pump into the sampling apparatus that the pipe empties completely 
between samples. The electrical circuit tothe conduit the bridge 
and along the plastic pipe), the circuit the ther- 
mistor attached atthe pump, and conduit providing currentto the heating cir- 
cuits are carried conjunction with the pipe line. 

Although the pipe drains completely between cycles, freezing must pre- 
vented. was, therefore, necessary install heating cable and insulation for 
the entire 240 exposed pipe. The cable consists single strand No. 
nickel chromium alloy wire surrounded asbestos, varnished 
cambric and external continuous lead sheath. This cable has resistance 
approximately 0.53 ohms per lin and maximum heat dissipation 
per ft. this installation adequate footage was installed that the maximum 
wattage was less than per cable. Thermostats were installed two 
points the external pipe and set activate the heating circuits when the 
water temperature the pipe drops 3°C. Pipe and heating circuits are cov- 
ered with 3/4 foam plastic insulation. The pipe line from the pump enters 
the building and passes gal tank where water held for the sampling 
cycle. Water allowed drain from the tank through cells containing the 
various sensing electrodes and then The tank equipped with 
solenoid valves that will drain the end the sampling cycle. Thus, the 
tank emptied preparation for the next cycle. Provisions are also made 
for automatic withdrawal gal samples during the recording period the 
recorders indicate marked deviations. 

The cost the Riegelsville monitor station was about $6,500. The costs 
may subdivided follows: for instruments, $4,150; for building mater- 
ials and $2,100; and for labor. 

Various means which data could transmitted central point and 
recorded have been considered order monitor entire river system. 
Transmitters river stations would feed data central station where the 
data would recorded and processed. With such system would possi- 
ble that central station some convenient point could continuously record 
information from number stations located strategic points along the 
Delaware River. One such system telemetering has been devised for the 
Ohio River Valley Sanitation Commission. Though the initial cost such 
telemetered system higher than one involving warning devices only, the ad- 
vantages are such that would undoubtedly save money the long run. This 
system would reduce the cost maintenance would easy identify 
malfunction any the river stations without frequent inspections. 
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WATER QUALITY 
BIOLOGICAL INTERPRETATION TYPICAL DATA 


The included charts (Figs. and represent plotted data accumulated 
for day period April and May, 1959. Only four the six variables re- 
corded the present station are represented. Note the diurnal fluctuations 
temperature, and dissolved oxygen. Temperature fluctuation the riv- 
normally due solar heating, with the temperature reaching peak 
the afternoon and dropping low sunrise. Diurnal variations and 
dissolved oxygen are normally due entirely biological activity within the 
river. Respiration organisms within the river occurs constantly, with the 
organisms taking oxygenfrom the water and releasing carbon dioxide 
into the water. The effect continued respiration then continued decrease 
the oxygen content the water well continued drop the due 
increased dissolved Superimposed the respiratory activities both 
plants and animals the river the influence photosynthesis. During day- 
time photosynthesis plants and liberate oxygen. Since this reaction 
precisely the reverse respiration, its effects are also reversed that 
both oxygen concentration and rise within the river. Thus, normal daily 
fluctuation these variables can expected. 

Certain departures from the normalcan also attributedto natural causes. 
For example, the period from April April 29, shown the chart, re- 
presents day period cloudy weather and rain. The effects were fol- 
lows: dropin temperature due lack solar drop and dis- 
solved oxygen continued respiration and reduced photosynthetic activity; 
and drop conductivity due dilution ionic substances the rain water 
drainage river. The pyrheliometer would have provided light intensity 
time relationship and have correlated river data with weather. 

further normal biological phenomenon can observed from the chart. 
increasing biological activity terms respiration and photosynthesis 
indicated the greater diurnal fluctuation dissolved oxygen and 
the water temperature increases. Biological reactions, since they are ba- 
sically chemical, tend increase rate the temperature rises. However, 


mentioned previously, sudden departures from normal may regarded 
indicative various pollutants the river. 


OTHER RECORDABLE VARIABLES 


Eleven additional criteria for water quality exist that can, present, 
recorded continuous cyclic bases. These are; chloride ion, fluoride ion, 
cyanide ion, residual chlorine, total hardness, methyl orange alkalinity, phe- 
nolphthalein alkalinity, carbon dioxide, phenols, oxidation-reduction potential, 
and radioactivity. evident that the majority these variables are appli- 
cable particular aquatic situations such municipal industrial utiliza- 
tion for the monitoring toxic materials water. 


FUTURE MONITOR NETWORK PLANS 


proposed establish anetwork elevenstations the Delaware Riv- 
from Hancock, New York (at the junction its east and west branches) 
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Trenton, New Jersey. previously noted, these would ideally connected 
into central recording system. 

There arethree major criteria for location the stations. These 
venience bridges other suitable installations, locations river reaches 
possibly subject industrial pollution, and location dam andreservoir sys- 
tems planned for the Delaware Basin. The immediate plan the establish- 
ment two additional monitor stations, one which will the Milford- 
Port Jervis area and the other the vicinity Martin’s Creek. These two 
stations would be, respectively, above and below the flood control and storage 
reservoir created the construction the Tock’s Island Dam. 

Personnel the Taft Center, USPHS, have developed monitor system for 
the National Water Quality Basic Data Program (27)(28). This largely manual 
system collects samples for the customary chemical analyses, bacteriological 
samples, planktonic samples and special sampling for radioactivity. Some 
these samples are collected and analyzed local cooperating agencies and 
the others, such radioactive samples are sent the Taft Cen- 
ter for detailed evaluation. The Taft Center also processes the samples from 
the sampling facility for the automatic collection chem- 
ical pollutants water. These sand prefilters and carbon absorption units 
have been developed personnel the Taft Center and are use various 
river sampling areas the United States. The unit (29) consists pump, 
the filters, metering device, and program clock for cyclic operation. 
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SYNOPSIS 


For many years, the saturation concentrations gaseous oxygen dissolved 
distilled water (as determined Fox andreported Whipple and Whipple) 
have been accepted correct. Recently group researchers England 
conducted experiments that showed significant differences from the previously 
accepted saturation concentrations. The research reported herein was con- 
ducted, not determine whether the new the old values were correct but, 
independently, saturation values throughout the normal range 
natural stream water temperatures. 


INTRODUCTION 


the course basic studies related the natural reaeration streams, 
very accurate values were needed for saturation concentrations dissolved 
oxygen water. These values provide the base from which dissolved oxygen 
deficits are computed and thus directly affect the reaeration coefficient, ko. 
The most widely accepted values for dissolved oxygen saturation are those 
Whipple and which were calculated from experimental data Fox.2 


Note.—Discussion open until December 1960. Separate discussions should sub- 
mitted for the individual papers this extend the closing date one 
month, written request must filed with the Executive Secretary, ASCE. This paper 
part the copyrighted Journal the Sanitary Engineering Division, Proceedings 
the American Society Civil Engineers, Vol. 86, No. July, 1960. 

JACS, Whipple and Whipple, Vol. 33, 362, 1911. 

Transactions, Fox, Faraday Soc., Vol. No. 68, 1909. 


i 
i 
Ea 
| 
il 

; 

| 


Although these values have been widely used for many years, publishing these 
values, “Standard provides the following note caution: 


“The second decimal place the above table not accurately known. 

The average difference from the mean five different investigators re- 

presents 0.07 ppm. Until further data are obtained, however, the second 
decimal place has been retained the table.” 


The work Truesdale, cast much more serious doubt the va- 
lidity the “Standard Methods” values. These researchers (in carefully 
conducted experiments) found dissolved oxygen saturation 0.46 per 
lower than the accepted values 0°C. Lesser deviations were higher 

temperatures with deviation -0.10 per being found 30°C. This se- 
rious indictment the accepted values and the far-reaching consequences 


stream reaeration studies, made necessary toascertain true saturation con- 
centrations. 


Review Previous Work.— 

Technique Fox.— did not directly observe the solubility atmos- 
pheric oxygen water, but used gasometric technique which known vol- 
ume pure oxygen was exposed known volume water. The reduction 
the volume oxygen water was measured after equilibrium had been 
established and from this value the solubility atmospheric oxygen was com- 
puted assuming that air contains 20.90% oxygen. The results were reported 
cubic centimeters oxygen absorbed 1,000 water from dry at- 
mosphere 760 pressure. total tests were reported with temp- 
erature range from 0.61 50.29°C. Twenty-six the tests were within the 
range. From these experimental results, Fox computed the equation: 


pressure, andt the temperature degrees centigrade. then tabulated 
values computed from this equation from 28°C. 

Whipple and Whipple! used this equation, applied corrections for saturation 
pressure, and converted the results into parts per million. These results are 
the widely used “Standard Methods” 

ples water with gaseous nitrogen and then allowed the oxygen equilibrium 
reestablish itself over extended period while the water surface was exposed 
continually renewed atmosphere from which carbon dioxide had been re- 
moved. Subsamples were removed intervals and analyzed specially de- 
veloped microadaption the Winkler procedure. The subsamples consisted 
ml, and the three reagents measured 0.1 each. endpoint 
was detected amperometric technique. Taking subsamples was con- 
tinued over periodof several days untilno further change dissolved oxygen 
could obtained. two occasions, the saturation level was approached after 
supersaturation with gaseous oxygen. These two experiments confirmed the 
previous tests when deoxygenated water was used. 


“Standard Methods for the Examination Water, Sewage and Industrial Wastes,” 
New York, Tenth Edition, 1955. 
den, Vol. No. 53, 1955. 

dale and Gameson, Vol. 22, No. 163, 1957. 
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SOLUBILITY 
Inasmuch the dissolved oxygen concentration was determined directly, the 
results were simply corrected for atmospheric pressure variationand then used 
compute the constants the following equation the method least squares: 


which the saturation concentration parts per million the 
temperature degrees centigrade. 

Technique Morris.—Near the completion the experimental work the 
Tennessee Valley Authority, (TVA) laboratory, internal report the United 
States Public Health Service (USPHS) was obtained that reported preliminary 
work along similar line. Morris,’ Harvard University, had undertaken 
(under contract the USPHS) provide data either corroborate refute 
the work Truesdale Fox. series twelve experiments was undertaken 
titrimetric means under conditions almost identical those used the 
Truesdale group. addition, thirteen experiments were then completed using 
gasometric technique that would tend duplicate the deteriminations Fox. 

The use somewhat more sophisticated system allowed the atmospheric 
pressure controlled the titrimetric experiments, andcertain modifica- 
tions improve precision were designed into the gasometric device. other 
ways, thetechniques were very similar tothose Truesdale and his associates, 
the one hand, and those Fox the other. 


PROCEDURE AND FINDINGS THIS RESEARCH 


careful study the techniques used the Truesdale group failed re- 
veal procedures that could questioned. The general design those experi- 
ments included several advantages that were considered tobe possibly superior 
the gasometric techniques used Fox and other early workers such 
Winkler.® Since explanation for the wide differences between this work and 
the previous results could not found, and view the basic need for true 
saturation values stream reaeration studies, deemed necessary 
undertake experimental evaluation the saturation values over the range 
temperature found natural waters and under conditions that would compat- 
ible with stream reaeration processes. 

Technique Used This Research.—The techniques selected for these experi- 
ments were, number respects, similar those used the Truesdale 
group. the first two experiments conducted each temperature, large 
sample water was deoxygenated bubbling stream gaseous nitrogen 
through it. Then, under the influence gentle stirring, the water was allowed 
absorb oxygen from the untilan equilibrium was estab- 
lished between the water and dissolved oxygentests 
was completed groups five replicates, and this process was continued until 
further change was noted the results for period least three days. 

the second experiment eachtemperature, the process was repeated but 
this occasion the water sample supersaturated with gaseous oxygen 
and then allowed saturation level under the influence constant 


gentle stirring. Replicate groups five subsamples were collected andanalyzed 
this case also. 


Final Report, Morris Carrell, Contract SAph 69705, Dept. Health, Educa- 
tion, and Welfare with Harvard Univ., May 1958 January 31, 1959. 


Ber Deutschen Chem. Ges., Winkler, Vol. No. 22, No. 1764, 1889, 
Vol. 24, No. 89, 1891. 
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The atmosphere which the water was exposed included nitrogen, oxygen, 
and the trace gases including carbon dioxide. The work reported here has been 
limited oxygen solubility water. attempt has been made ex- 
tend the work saline waters. 

Equipment.—The thermostated water bath for the sample vessel was contained 
galvanized rectangular steel tank (60 120 cm) with rounded 
ends, having capacity approximately 360 stainless steel disc was welded 
into the bottom the tank near one end. The sample vessel was centered upon 
this stainless steel plate sothata magnetic stirring motor could located be- 
low the water bath and still drive stirring bar the 
sample container. Circulation within the water bath was provided with effi- 
cient propellor that was connected toanelectric motor. The rounded 
ends the tank insured freedom from dead spots and allowed maximum circula- 
tion. 

The sample vessel, composed borosilicate glass, hada capacity 
The large neck (4.5 diameter) the sample vessel was left open the 
atmosphere and air circulation was insured the removal 250 air per 
minute from point near the surface the water under test. 

Temperature control.—A refrigeration coilimmersed the opposite end 
the water bath from the sample container provided cooling for the tests run be- 
low ambient temperature, while submersible electric heater provided heat 
when the tests were conducted temperatures above ambient. either case, 
control was provided through mercury thermoswitch and relay system. 

The thermoswitch was immersed within the water bath close proximity 
the heating cooling element minimize overshoot. Cycling was found 
min less the “on” position and the over-all temperature control the 
test sample was within All temperatures were referred standard 
thermometer certified the National Bureau Standards. Both reflective and 
fill-type insulations were used enclose the water bath and its contents. 

Barometric pressure.—A mercury barometer was used for the determination 
barometric pressure the time dissolved oxygen subsamples 
from the water under test. Betweentimes test, barograph recorded 
tuations this variable. Inasmuch changes barometric pressure have 
decided effect the solubility atmospheric water, dissolved oxygen 

saturation values were not considered valid when changes greater than 
were noted have occurred within the previous the taking the five 
replicate subsamples. 

This requirement resulted protracted period experimentation when 
periods unstable barometric pressure were encountered, but other alter- 
native was available other than equipping the test vessel with some type con- 
stant-pressure device. This was not thought desirable, free access the 
water surface the atmosphere was considered important feature the ex- 
perimental design. 

Glassware.—All volumetric glassware used was precision grade (class A), 
retested meet National Bureau Standards tolerance require- 
ments. The microburette had total volume and was graduated to0.01 
ml. especially constructed tipallowed the burette submerged below the 
surface the sample being titrated. The glass-stoppered sample bottles were 
selected tocontain 300 within atolerance sample bottles were 
maintained temperature approximating that the water sampled. 

Titration apparatus.—Amperometric titrations were performed with ro- 
tating platinum electrode the indicator and saturated calomel electrode used 


| 
al 
df 
i 
A 
1 


SOLUBILITY 


the reference. The rotating platinum electrode was diameter and 
long, and was mounted the side 10-mm bulb the end mercury 
filled 6-mm glass tube. synchronous motor electrode constant 
speed 600 rpm. Hildebrand cell contain the saturated calomel 
electrode (SCE), with the sidearm immersed directly the titration vessel. 
These two electrodes were connected, through shielded leads, manual polar- 
ograph containing galvanometer with sensitivity 0.006 per mm. The 
galvanometer shunt was maintained the most sensitive position. constant 
applied potential +0.2 versus SCE was used all titrations. 

Determination Dissolved Oxygen.—The dissolved oxygen concentration de- 
terminations were made the Winkler method, amperometric endpoint 
the final titration. The subsamples analyzed were collected displace- 
ment glass-stoppered bottles capacity with between 500-600 
sample overflowing the sample bottle before was stoppered. Immediately 
after withdrawal five replicates, manganous sulfate solution and 
alkaline potassium iodide solution was added each, and the samples were 
shaken with “figure-eight” motion fifteentimes each. Samples were allowed 
stand until the top the floc had settled the midpoint the bottle. Then the 
shaking (another times) and settling steps were repeated. 

this point, concentrated sulfuric acid was added each sample 
and mixed thoroughly (fifteen times with the above-mentioned “figure-eight” 
movement). Samples were allowed stabilize for least min before final 
titration was begun. aliquot the dissolved oxygen sample was then 
transferred, using precision pipette, toa 250-ml Erlemeyer flask which 
had already been added distilled water and sufficient amount stand- 
ardized 0.005 sodium thiosulfate solution provide slight excess. 

This was followed back titration with 0.005 potassium bi-iodate solu- 
tion the amperometric endpoint. Corrections for chemicals-displaced sample, 
bottle volume, and atmospheric pressure, were applied the calculated milli- 
grams per liter dissolved oxygen. 

The technique used capable producing very precise determination 
dissolved oxygen. preliminary tests, the standard deviation within replicate 
groups was found 0.007 per Thus, individual determination could 
expected indicate the group mean within per lat the 95% confi- 
the intrinsic precision available from the actual experimenta- 
tion, the standard deviation averaged somewhat higher than this, havinga mean 
value for all replicate groups 0.020 per with greater stability being 
found the higher temperatures, can seen below: 


Temperature Range Mean Standard Deviation 
per 
0.032 
0.038 
0.023 
16. 0.012 


20. 
23. 


0.011 
0.015 
0.008 
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solutions were prepared from reagent-grade chemicals that 
meet ACS specifications. The manganous sulfate and alkaline potassium iodide 
solutions were prepared described “Standard Methods.”3 Concentrated 


reagent-grade sulfuric acid was used. The redox standard solutions were pre- 
pared follows: 


(1) Thiosulfate—The dilute (0.005 sodium thiosulfate solution was prepared 
diluting 200 0.025 stock solution (that had been stabilized with 
0.4 per NaOH) one liter with distilled water. This solution was 
compared daily against newly prepared standard 0.005 potassium bi-io- 
date described below. 

(2) reagent-grade potassium bi-iodate was stored 
desiccater. Anew 0.005 was prepared daily dissolv- 
ing 0.3249 grams distilled water 20°C. and diluting 
liters. This solution was used the primary standard. 


Procedure.—The following steps were involved this process: 


(1) Equilibrate the thermostated water bath adjusting the mercury switch 
the desired temperature and allow stabilize overnight. 

(2) Fill the sample vessel with distilled water. 

(3) Start magnetic stirring device. 

(4) Allow the distilled water the sample vessel toassume the same tempera- 
ture the water bath. 

(5) Adjust the dissolved oxygen level the distilled water either; (a) de- 
oxygenating with compressed nitrogen, (b) supersaturating with com- 
pressed oxygen. 

(6) Read the mercurial barometer and set the barograph. 

(7) Insert glass syphon well below the surface distilled water and collect 
five replicate subsamples. Remove the syphon. 

(8) Add reagents the five replicate subsamples. 

(9) Adjust the air flow through the air space above the distilled water 250 
per min. 

(10) Standardize the redox solutions, using amperometric equivalence-point de- 
tection. 

(11) Titrate the five replicate subsamples the same process. 

(12) Repeat items 6-11 intervals approximately during periods 
barometric stability until significant change occurs the corrected 
dissolved oxygen concentration for three successive days. 


Results.—The procedure described, resulted 260 individual dissolved oxy- 
gen determinations consisting replicate groups, experiments, seven 
different temperature areas between 0°C and 30°C. Table lists the individually 
determined values (corrected 760 pressure) and the meanof each repli- 
cate group. The 260 individual dissolved oxygen values paired with the corre- 


sponding temperatures were fitted, using multiple regression techniques, the 
general equation: 


which D.O. the saturation concentration dissolved oxygen, the tem- 
perature degrees centigrade, and bj, bg, are constants. Through the 
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TABLE 1.—EXPERIMENTAL DETERMINATION THE SOLUBILITY 
ATMOSPHERIC OXYGEN DISTILLED WATER 


Temperature 


Dissolved Oxygen Milligrams Per Liter 


Mean 


13.874 
13.894 
13.930 
13.914 


12.851 
12.791 
12.845 
12.753 
12.764 
12.762 
12.813 
12.800 
12.792 
12.771 


11.439 
11.428 
11.430 
11.423 
11.410 
11.405 
11.421 
11.457 


9.862 
9.901 
9.899 
9.883 
9.922 
9.900 


8.917 
8.919 
8.882 
8.903 
8.900 
8.862 
8.937 
8.888 
8.891 
8.876 
8.831 
8.867 


8.499 
8.511 
8.502 
8.468 
8.510 
8.455 


7.568 
7.572 
7.534 
7.550 
7.548 


13.835 13.875 13.888 13.894 13.879 

13.884 13.879 13.904 13.896 13.908 

13.874 13.886 13.963 13.980 13.946 

13.914 13.896 13.856 13.973 13.929 

12.893 12.844 12.873 12.805 12.840 

12.799 12.788 12.777 12.785 12.807 

12.816 12.841 12.818 12.839 12.909 
12.768 12.719 12.762 12.756 12.758 
12.719 12.761 12.780 12.793 12.765 

12.780 12.828 12.705 12.794 12.703 

12.815 12.765 12.803 12.866 12.814 

12.790 12.807 12.736 12.849 12.816 

12.670 12.838 12.805 12.882 12.766 
12.781 12.807 12.717 12.773 12.777 

11.443 11.425 11.446 11.443 11.438 

11.416 11.433 11.422 11.433 11.436 

11.446 11.388 11.423 11.450 11.445 

11.432 11.421 11.420 11.421 11.422 

11.437 11.410 11.384 11.414 11.405 

11.421 11.379 11.428 11.391 11.404 

11.473 11.419 11.407 11.377 11.431 

9.59 11.540 11.419 11.495 11.456 11.377 

15.56 9.853 9.850 9.857 9.874 9.876 

15.56 9.896 9.894 9.903 9.911 9.899 

15.56 9.890 9.912 9.904 9.895 9.893 

15.56 9.888 9.890 9.873 9.865 9.900 

15.56 9.932 9.917 9.927 9.903 9.932 

15.57 9.879 9.880 9.914 9.912 9.915 

20.45 8.887 8.903 8.944 8.931 8.920 

20.65 8.913 8.921 8.917 8.933 8.909 

20.65 8.888 8.871 8.883 8.888 8.880 

20.65 8.893 8.881 8.911 8.915 8.914 

20.75 8.893 8.901 8.893 8.910 8.905 

20.75 8.889 8.879 8.877 8.895 8.891 

20.80 8.935 8.934 8.934 8.946 8.938 

20.80 8.883 8.879 8.883 8.896 8.900 

20.80 8.907 8.869 8.892 8.896 8.892 

20.90 8.852 8.881 8.886 8.867 8.894 

20.90 8.839 8.822 8.822 8.840 8.834 

20.95 8.870 8.849 8.870 8.870 8.875 

22.97 8.477 8.507 8.501 8.503 8.509 
22.98 8.524 8.495 8.539 8.493 8.506 

22.98 8.501 8.507 8.498 8.502 8.502 

23.12 8.467 8.454 8.450 8.471 8.499 

23.17 8.491 8.499 8.507 8.524 8.528 

23.18 8.429 8.479 8.446 8.458 8.461 

29.11 7.577 7.565 7.561 7.562 7.577 

29.12 7.568 7.583 7.572 7.568 7.571 

29.13 7.532 7.531 7.540 7.529 7.538 

29.13 7.542 7.551 7.549 7.555 7.554 
29.16 7.555 7.532 7.555 7.556 7.541 


use the IBM-704 computer, the constants the above equation were deter- 
mined and the resulting equation was found be: 


with coefficient multiple correlation 0.99980. 


This equation was used the computer determine dissolved oxygen sat- 
uration values from 30°C., intervals 0.1°C. These values are given 
Table These values have been corrected atmospheric pressure 


TABLE OXYGEN SATURATION VALUES DISTILLED WATER 


Temperature Dissolved Oxygen Milligrams Per Liter 


14.49 14.45 14.41 14.37 14.33 14.29 
14.09 14.05 14.02 13.98 13.94 13.90 
13.71 13.68 13.64 13.60 13.56 13.53 
13.35 13.31 13.28 13.24 13.20 13.17 
13.00 12.96 12.93 12.89 12.86 12.82 


12.66 12.62 12.59 12.56 12.53 12.49 
12.33 12.30 12.27 12.24 12.21 12.18 
12.02 11.99 11.96 11.93 11.90 11.87 
11.72 11.70 11.67 11.64 11.61 11.58 
11.44 11.41 11.38 11.35 11.33 11.30 


11.16 11.14 11.11 11.08 11.06 11.03 
10.90 10.87 10.85 10.82 10.80 10.77 
10.65 10.62 10.60 10.57 10.55 10.52 
10.40 10.38 10.36 10.33 10.31 10.28 
10.17 10.15 10.12 10.10 10.08 10.06 


760 Hg. The general character the computed line shown Fig. 
The points shown this curve are the mean values shown the right-hand 
column Table 

Examination Results.—The points obtained 
Winkler,’ Fox,2 Truesdale, Morris, and this researchare shown 
Fig. The large expansion the vertical scale makes possible the differen- 
tiation quite minute variations dissolved oxygen concentration, while the 
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use deviations from “Standard Methods” values, instead actualdissolved 
oxygen concentrations, allows for more easy comparison differences be- 
tween the experimental values the various researches. 

examining Fig. three over-all impressions are immediately apparent: 


(1) The experimental points reported Winkler, Morris, and those from this 
research are generally rather good agreement. 

(2) The values Fox (“Standard Methods” values) trend slightly higher than 
those Whipple and Whipple for temperatures greater than 5°C. 

(3) The values reported Truesdale are substantially different from the others 
shown temperatures less than 25°C. 


The significant divergence the Truesdale values from the “accepted values” 
has been widely examined since the use one set values the other causes 
substantial differences the many computations related deoxygenation and 
reaeration streams and the conclusions drawn from these computations 


TEMPERATURE “C 


FIG, 1.—EXPERIMENTALLY DETERMINED AND COMPUTED 
DISSOLVED OXYGEN SATURATION VALUES 


the ability streams toassimilate pollutional loadings. examining the diver- 
gence, Truesdale states that the difference probably arises from the use gas- 
ometric techniques the earlier works where the possibility supersaturation 
the water was not eliminated, while titrimetric techniques would not have this 
fault. This not borne out the work Morris, however, where gasometric 
and titrimetric techniques produced similar results. 

Morris thought that variationin barometric pressure during the time test 
was, possibly, the reason for this divergence andcarefully excluded this variant 
from his experiments using constant-pressure device. wouldappear that 
barometric pressure variation could cause arather wide scatter the experi- 


mental data, but not seen how this could account for the systematic differ- 
ences noted. 
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FIG, 2.—LABORATORY DATA SEVERAL RESEARCHERS SHOWN 
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The techniques reported the various other workers were carefully scru- 
tinized prior instigation laboratory work but the techniques used could not 
impeached any way that wouldaccount for the differences. From intu- 
itive standpoint, the divergence the 0°C 25°C temperature range could 
accounted for fixed error barometric pressure the Truesdale values 
such that caused imperfect vacuum above the mercury column. 
difference approximately the barometric pressure would bring the 
Truesdale values into good agreement throughout this temperature range with 
those the other workers mentioned above. hypothesis could not 
applied the six determinations Truesdale above 26°C, his 
values are good agreement with the other workers this range. 

was noted earlier, wide variety techniques have been used arrive 
the dissolved oxygen saturation values. significance these 
variations essential consider each these differences and 
delineate the extent which the differences can affect the reported results. 
Table outlines the principal variables for the works shown Fig. From 
this compilation, appears that the major differences are those (a) gaso- 
metric versus titrimetric techniques, (b) control atmospheric pressure, 
(c) exclusion inclusion and (d) variations the number and pre- 
cision the dissolved oxygen determinations. has already been shown that 
(a) and (b) have been eliminated from consideration causes for the differ- 
ences noted the results reported the various workers. Items (c) and (d) 
will considered. 

Effect Carbon Dioxide.—Inasmuchas the determination saturation values 
for use innatural streams was the objective this research, appeared essen- 
tial expose the water under test atmosphere containing all the com- 
ponents normal the atmosphere. far carbon dioxide concerned, this 
procedure would divergent from most previous works which has been 
meticulously removed scrubbing the atmosphere with alkali solutions prior 
exposure the water under test. The difference the final results (as 
per D.O.) caused using one the other these procedures are shown 
below for atmosphere with removed, compared with (a) atmosphere 
containing normalamount (such as, 0.03%) and (b) anatmosphere con- 
taining twice the normal amount, 0.06% 


Temperature °C. 
0.004 0.008 


0.003 
0.003 0.006 
0.002 0.004 


These values have been computed from the Bunsen absorption coefficients 
the various components normal atmosphere, the composition which con- 
sidered 79.02% nitrogen (including inert gases, mainly argon), 20.95% oxy- 
gen, and carbon dioxide. 

each case, the increase decrease the partial pressure nitrogenand 
oxygen caused the changes concentration COg was considered propor- 
tionate the relative concentrations these components the normal atmos- 
phere. can seen from the foregoing material that far distilled water 


0.006 


“Handbook Chemistry,” Lange, Ninth Edition, 1956. 
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concerned, the inclusion exclusion would make sucha small 
ence difficult detect with the best available experimental methods. 

Precision Determination.—After carefully controlled experimental condi- 
tions have been established, the real key how closely the experimental points 
will coincide with the true saturation value the accuracy and precision the 
dissolved oxygen determinations. The amperometric titration technique de- 
scribed above was selected because considered the most precise 
technique presently available that can practically applied the entire dis- 
solved oxygen concentration range. 

The precision analysis can increased replication the determi- 
nation. The mean group replicates abetter estimate the true value 
than any single value. The use five replicate determinations each sampling 
period was designed take advantage this fact. The number replicates 
limited only experimental this work only the volume 
water available for the sample vessel. Except for the titrimetric 
determinations Morris, replication per se, was not any the previous 
researches this field. 


TABLE 3.—COM PARISON OF EXPERIMENTAL CONDITIONS USED BY THE VARIOUS RESEARCHERS 


WINKLER FOX MORRIS | TRUESDALE THIS RESEARCH 

Type of Analysis Gasometric Gasometric | Gasometric Titrimetric Titrimetric Titrimetric 
Sample size in | | 

milliliters -- -- | -- 50 20 | 300 
Gas used Oxygen Oxygen | Oxygen | Air Air Air 
Constant pressure -- -- | -- | Yes No | No 
COg included No No | No No No | Yes 


Failing absolute perfection the individual determinations (as always the 
case experimental work), the degree uncertainty can still further re- 
duced increasing the total number experiments completed. There 
theoretical limit this factor, but practical considerations cost, available 
time, and personnel impose certain limitations. this work, the replicate 
groups represent larger number experiments than that reported any the 
earlier workers and is, generally, about twice the number the experimental 
points reported previous works the 0°C 30°C. temperature range. 


The “Standard Methods” values are substantially correct the 0°C 5°C 
range, but trend slightly high for temperatures between 10°C and 30°C. The in- 
clusion exclusion and the variation this gas within normal concen- 
trations the atmosphere has little effect the saturation concentration 
dissolved oxygen distilled water. The inclusion this gas the “experi- 
mental” atmosphere would, any event, produce values that are more real- 
istic than those produced where excluded. 

view the consistency the large number repetitive experi- 
ments completed this research, and the substantiating evidence provided 
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the results obtained several other workers this field, has been concluded 
that the dissolved oxygen saturation values listedin Table are the most satis- 
factory those presently available for application stream conditions. 


This report was prepared Harold Elmore, Public Health Engineer, and 
Theodore Hayes, Analytical Chemist, Stream Pollution Control Section, Divi- 
sion Health and Safety, Tennessee Valley Authority. 

The Sanitary Engineering Division gratefully acknowledges the generosity and 
professional courtesy the authors this paper making the results their 
research work available for publication. The SED Research Committee also 
recognizes the cooperation the Tennessee Valley Authority releasing this 
paper for publication here. 

This research report, which one series professional contributions 
The Committee Sanitary Engineering Research, 
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SEDIMENTATION RESERVOIRS THE SOUTHEAST 


John Jenkins!, Charles Moak2, and Daniel Okun®, ASCE 


SYNOPSIS 


The most recent reservoir sediment data have been analyzed this report 
evaluate factors that can used predict sedimentation reservoirs 
the southeastern United States. The most significant result this study that 
the southeastern part the United States, the annual volume sediment 
directly proportional drainage area, averaging 0.44 acre-ft. per sq. mile. 


INTRODUCTION 


The depletion storage inreservoirs the silt eco- 
nomic problem that cannot ignored the design such structures. Studies 
made the 1930’s the Soil Conservation Service the United States Depart- 
ment Agriculture (la)* indicate that about 64% all the reservoirs silt- 
carrying streams the United States have useful lives less than100 yr. This 
estimate was based sample about the reservoirs existence 


that time. was assumed that the capacity reservoir 
terminates the useful life the structure. 


Note.—Discussion open until December 1960. extend the closing date one 
month, written request must filed with the Executive Secretary, This paper 
part the copyrighted Journal the Sanitary Engineering Division, Proceedings 
the American Society Civil Engineers, Vol. 86, No. July, 1960. 

San. Engr., State Bd. Health, Columbia, 

Assoc., James Jagger, Cons. Engr., Forest, Miss. 

Prof. San. Engrg., School Pub. Health, Univ. North Carolina, Chapel Hill, 

Numerals parentheses, thus (1), refer corresponding items the Biblio- 
graphy. 
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This paper reviews the origin silt, its mode transportation and deposi- 
tion, factors that affect the rate sedimentation, its economic effects, and 
measures control. also includes analysis the available data res- 
ervoir sedimentation the southeastern United States. Most the data have 
been taken from Sedimentation Bulletin Number Five (2), which summa- 
rized presentation the data from all known, reliable, sedimentation surveys 
made the United States, through 1950. 

These data, the writers’ knowledge, have not been subjected statistical 
the purpose defining the relationships between some the meas- 
urable factors affecting the rate sediment production and reservoir silting. 
ervoir with the size the drainage area. attempt made correlate the 
annual sediment volume with the reservoir capacity-watershed ratio. 

addition, made the directionthat further analysis should 
take when more data are available. 


HISTORY 


Interest siltation reservoirs, sediment information and the practice 
making observations sediment loads has been growing steadily nearly all 
countries the world since the turn the century. 

The earliest measurements sediment record were made the Rhone 
River 1808, and 1809 (3). Blume made other early observations the Elbe 
River Harburg,Germany, from 1837 1854, and Baumgarten the Garonne 
River southwestern France from 1839 1846. 

Records show that the earliest sediment measurements the United States 
were those made Talcott the Mississippi River, 1838. Considerable 
study was made river, the Missouri River, the latter 
half the 19th century, and also many streams the southwestern part 
the United States. These studies the southwest were instigated irrigation, 
the development which was made more difficult due the heavy sediment loads. 

Reservoir sedimentation studies became numerous inthis country the de- 
pression years the early 1930’s. The Soil Conservation Service, 1934, 
began general nationwide investigation silt accumulations selected im- 
poundments. 1939, total surveys had been made; and 1950, data 
had several hundredreservoirs. This informationhas been 
compiled under the auspices the Subcommittee Sedimentation, Federal 
Inter-Agency River Basin Committee. This Subcommittee composedof mem- 
bers representing the Department Agriculture, Department Commerce, De- 
partment the Interior, Department Health, Education and Welfare, Federal 
Power Commission and the Tennessee Valley Authority. 


FACTORS AFFECTING THE FORMATION, 
TRANSPORTATION, AND DEPOSITION SILT 


Silt may defined mud, fine earth, rock transported 
water. the result soil erosion the watershed and stream banks. 
The impact raindrops, turbulent overland flow, and the dynamic action 
water channels contribute the total silt load stream. 

Sheet erosion generally constitutes the major portion the silt load 
streams humid regions (4), while bank erosion may significant arid 
semi-arid regions. 
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Witzig (5a) suggests that once material has been eroded, movement res- 
ervoir may suspended load (for the material suspension) and bed 
load. The bed load may considered consist particle sizes too large for 
movement part the suspended load. These particles are transported 
rolling action along the bottom the stream. The limiting particle size the 
“dividing” grain size function the discharge and slope the stream. 
Particles coarser than this “dividing” size move ata rate proportional 
discharge and slope. 

The turbulence theory offers explanation suspended sediment transporta- 
tion. According this theory, there random, irregular transfer energy 
from the fluid silt, and from silt particle silt particle. The energy trans- 
the difference buoy the particles and those that tend 
remove them. Gravity, the drag force the water, and eddy currents are the 
important factors. 

Regardless the mode transportation debris the reservoir, the pat- 
tern deposition essentially the same for all impoundments. When the fast 
moving, silt-laden water meets the quiet water the reservoir, the influent 
flow loses velocity rapidly, and the heavier particles settle out form delta 
the mouth the stream (6). The lighter particles are distributed farther 
out the reservoir are not deposited all. 

Density currents also affect the distribution and accumulation silt. The 
silt-bearing water has greater density than does the water the reservoir 
and tends underrun the impoundment rather than mix with that already 
present. This phenomenon accentuated when the temperature the inflowing 
water somewhat less than that the impounded water because the density 
water varies inversely with its temperature. 

Grover and Howard (7) reported that this phenomenon was observed three 
times Lake Mead, Muddy water was observed leaving the reservoir 
through flood gates while the surface water was relatively clear. This offers 
explanation why deposits are usually greater the stream channel 
throughout the length the impoundment rather thanuniformly distributed over 
the bottom. This also may explain why, many times, sizeable deposits are found 
deep areas immediately above the dam. Important silt control benefits may 
accrue when the action these currents are more fully understood. 

Silt composed fine earth rock can further defined terms its 
size. The American Society for Testing Materials (ASTM) has classified silt 
particles ranging from 0.005 to0.05 mm, the Massachusetts Institute 
Technology (MIT) from 0.002 mm, the Bureau Soils, United States 
Department Agriculture from 0.005 0.05 mm, and the National Park 
Service, United States Department the Interior from 0.006 to0.2 (8). 


SILT CONTROL MEASURES 


The process erosionis oldas the earth itself. only accelerated 
the process destroying the natural balance between resistance erosion 
(vegetative cover) and erosion attack (rainfall and runoff). The solution the 
problem control then may take one two directions: removal silt de- 
posits from the reservoir, and control silt formation, entrance, and depo- 
sition. 

Generally, not feasible remove sediment mechanical means. Dredg- 
ing (hydraulically mechanically) has been employed effectively only nar- 
row, channel-type impoundments. 
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SEDIMENTATION 


Sluicing another procedure employed for desilting work. This involves the 
opening large gates near the base the dam either flush out deposits 
waste silt-laden flood waters that are underrunning the reservoir. One dis- 
advantage with this procedure obvious the primary function 
the impoundment. Also, sluicing usually effective removing only those 
deposits the stream channel immediately above the dam. 

Perhaps the second mentioned direction, that control erosion and dep- 
osition, offers the most promise. Vegetative screens structures 
may used cause deposition the valley prior entrance into the reser- 
voir. Aggradation the upstream channels feasible only when such areas 
are worthless. Taylor (14a) describes the benefits that accrued from the acci- 
dental introduction tamarisk, evergreen shrub, the upper end Lake 
McMillan New Mexico. This vegetative screen credited with reducing the 
annual rate silting from 1930 acre-ft 350 acre-ft. The presence sucha 
screen shifts the location the deposits from inside the impoundment the 
valley above. 

Erosion control seems the most promising answer tothe problem. Good soil 
conservation practices not only keep much silt out the impoundment, but these 
practices also keep the sediment the ground where useful. This “up- 
stream engineering” has (5) consists reforestation, contour 
plowing, crop rotation, and proper treatment such things asunstabilized road- 
way fill, high embankments, and stream banks. 

Eakin (1b) states that 


“Erosion control not only has the effect conserving lands the drain- 
age area, but outstanding one the fundamental and permanently 
practicable means reducing the rate reservoir silting. inhibits 
primary production debris and, thus, involves progressive and ul- 
timately embarrassing accumulations above, troublesome sediment- 
laden discharge from, the reservoir.” 


SILT ECONOMIC PROBLEM 


More reservoirs have been built the United States since 1925 than any 
other period history. stated previously, the life expectancy many 
these are dangerously short. 

Brown (9a) estimated the early 1940’s that the direct annual loss invest- 
ment due reservoir silting was least $10,000,000 and was probably much 
more. many reservoir has become completely filledwith silt before 
its cost has been amortized. 

must always kept mind that the economic problem twofold. First, 
loss topsoil the watershed that results poorer land, and secondly, 
this same topsoil silt ultimately occupies space constructed for some other 
purpose. 


the most important these the nature the use the impounded water (10). 
Other factors involved are; 


(1) the effectiveness and economic justification possible control measures, 
(2) the replacement cost the existing reservoir, and 
(3) the effects sedimentation wildlife, fish, scenery and navigation. 


The actual cost reservoir sedimentation difficult determine, and 
computed values will vary depending the basis used for depreciation. Original 
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construction costs are not sound basis for computing losses because the 
variation construction costs over periodof time. These can adjusted 
the present time use indices such those published the Engineering 
News Record. 

actual replacement storage must provided, should remembered 
that, generally, the most economical the one selected for the first struc- 
ture. Adding structure constructing dam anew usually cost 
considerably more than the first structure. 

the ultimate computation damages occasioned sedimentation, any one 
three standard methods may used: 


(1) The annual cost method, 
(2) the present worth method, and 


(3) the capitalized cost method, which variation the present worth ap- 
proach. 


The annual cost methodis used engineers, and probably 
more readily understood business-men who are accustomed thinking 
terms annual expenditures. 

Blench (11) raises the question whether losses due siltation are true 
ones since losses caused forces forces whose occur- 
rence matter probability. Since siltation known factor whose rate 
can approximated, “losses” can provided for design. 

Regardless terminology siltation is, and will remain, problem, and the 
decrease reservoir capacity due this must taken into consideration 
some manner. Studies sedimentation Lake Mead (12) have produced esti- 
mations that will completely filled 2380 AD, 445 after completion 
the dam. Though the rate siltation here less than most reservoirs, 
still problem and will have dealt with some future date. 

Studies sedimentation the Burlington, North Carolina Municipal Reser- 
voir (13) show that with even minimal (of the reservoirs studied report) 
annual sedimentation accumulation 0.128 acre-ft. per sq. mile, siltation can 
expensiveitem. The Burlington Reservoir was built June, 1928 acost 
$318,000. Based the Engineering News Record Cost Index 1953, the 
present cost this same structure would approximately $858,000. 19.22%of 
the original capacity was filled with sediment between the date construction 
straight-line depreciation basis, the annual cost this rate about 
$8,000 based only the original investment. 

Few generalizations can made pertaining the economic effects res- 
ervoir sedimentation. While each reservoir must analyzed the light 
applicable data, the cost figures cited above indicate something the eco- 
nomic burden imposed silt. 


PREVIOUS STUDIES RATES SEDIMENTATION 


The rate atwhich silt accumulates areservoir afunction many inde- 
pendent and interrelated variables. Some these factors may listed 
follows: 


The area and topography the watershed, 
the character the soil and vegetation the catchment area, 
the rate and amount runoff, 
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SEDIMENTATION 


the rate and amount rainfall, 

shape the impoundment, 

the ratio the reservoir capacity the watershed area, and 
the method reservoir operation. 


Only general statements can made concerning the effect these varia- 
bles reservoir sedimentation. one factor seems the most impor- 
tant every case. However, cultivated land steep slopes always contrib- 
utes greatly also appears that the more impor- 
tant than the amount because silt production increases the intensity the 
rainfall increases. Though wet watershed produces greater runoff, silting 
per unit time decreases the duration constant rainfall increases. 

Unfortunately, there are not sufficient data available todetermine the extent 
which all the variables affect the rate silt accumulation. However, the 
reservoir storage capacity, silt accumulation, and size the drainage area are 
usually determined most sedimentation surveys. Many the attempts 
formulate rate relationships have been based these factors. 

Witzig (5b) has attempted correlate the reservoir capacity-watershed 
ratio annual sediment accumulation making logarithmic plot these 
variables from data available the early 1940’s. drawing envelope curves 
“by eye” bound the data representing several geographical regions, ob- 
tained generalized equation the following form: 


which the annual silting rate acre-ft. per mile drainage 
area, the coefficient, termed “regional index,” and refers the 
original storage acre-ft per mile drainage area. 

His regional index, based data from reservoirs the southeastern 
States Alabama, Georgia, Virginia, Maryland, and North and South Carolina, 
ranges from lower limit 0.00307 upper limit 0.0375. According 
this relationship, the sediment accumulation may differ between two res- 
ervoirs similar capacity and watershed area, approximately, factor 

Brown (9b), commenting Witzig’s work, states that the equation pre- 
sented not valid the limits since the upper limit func- 
tion the amount silt brought stream rather than the capacity 
reservoir. Instead, suggests plot annual sediment accumulation per 
mile drainage total drainagearea. hasdrawnenvelope curves 
bound data from about reservoirs the Southern Piedmont (states not 
indicated). The mean curve drawn “by eye” indicates that the rate silting 
decreases reservoir size increases. The plot also indicates that limiting 
rate sedimentation approached with increasing watershed area. 


EVALUATION SEDIMENTATION RATES 


The parameters suggested both Witzig and Brown have the 
writers the light additional data collected from alarger area the south- 
east. For this study, data from reservoirs the southeastern states 
North and South Carolina, Georgia, Alabama, Mississippi, and Tennessee have 
been analyzed statistical procedures. These data represent all the known, 
reliable sedimentation surveys (2) made these states through 1950. 
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Fig. graphic presentation these data according the parameters 
suggested Witzig. Instead drawing envelope curves bound the data, the 
equation the straight line best fit has been computed the method least 
squares. This regression line and the 95% confidence limits for the dependent 
variable (Sp) are shown the figure. The equation may stated 


The correlation coefficient (r) for these variables found This 
low coefficient correlation indicates little since correlation generally as- 
sumed doubtful values less than 0.5. 

more significant test (16) available transforming the distribution 
the correlation coefficient (r) 


l+r 


Assuming correlation, the variable (Z) approximately normally distributed 
with variance. 


(in which the number observations). The standardizednormal variate 


when using the correlation coefficient 0.383, 2.94. The critical value the 
standardized normal variate the 5%significance level 1.96. Therefore, 
can accepted this level that correlation exists since the value obtained 
from the data exceeds value. value 2.94 would lead 
acceptance the assumption correlation only for level less 
than 0.37%. 

Having established that correlation does exist, test for the degree cor- 
relation existing can made squaring the correlation coefficient. When 
applying this test 0.383, found that only 15%of the variation 
the dependent variable can accounted for the variation the in- 
dependent variable With such poor correlation, the primary usefulness 
plot such thisisto indicate insediment accumulation rates 
for reservoirs given size. 

follow-up Brown’s work, the writers have plotted annual sediment 
accumulation versus total drainage area using more complete for the south- 
east. Fig. shows the line best fit the data determined the least 
squares method well the 95%confidence intervals the dependent varia- 
ble This line, for all practical purposes, horizontal (the slope 


approximately zero alogarithmic plot) and defined the following equa- 
tion: 


inwhich denotes the total drainage area square miles, and the ordinate 
intercept value. 


According this equation, ASp has relation the size the drainage 
area 


(Ap)° 0.44 acre-ft. per sq. mile. 


Table substitutes notations for the standard symbols conform the notation 
commonly used statistical analysis. 
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SEDIMENTATION 


ORIGINAL STORAGE CAPACITY, Sp ,— AC-FT/SQ mI 


WATERSHED AREA RATIO FOR RESERVOIRS THE SOUTH- 


EASTERN UNITED STATES 
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FIG, 2.—RELATION RATE SEDIMENTATION, SIZE DRAINAGE 
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TABLE 2.—DATA FOR FIGURE NO. 


Reservoir 
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124.034 364.370 92.502 164.684 


Total drainage area square mile. 
Average sedimentation acre feet per square mile. 
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Statistically, applying the same tests for correlation were used previously, 
these variables have correlation since the correlation coefficient func- 
tion the slope the line. However, definition 


which the annual volume sediment accumulation acre-ft. 


Then 


This equation indicates that annual volume sediment accumulation di- 
rectly proportional tothe size the catchment area, Fair and Geyer (15) de- 


scribe the relationship the above parameters for the southwestern United 
States 
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OcEE no. 3 RESERVOIR HALES BAR RESERVOIR 


DRAINAGE AREA 496 SQ mi 


STORAGE LOSS 


DRAINAGE AREA 21,790 SQ MI 


ANNUAL 


AVERAGE 


YEARS SINCE CONSTRUCTION 


FIG, 3.—CHANGE ANNUAL PER CENT STORAGE LOSS WITH TIME 
FOR TWO RESERVOIRS THE TENNESSEE RIVER VALLEY 


Fig. does not indicate any limiting sediment accumulation rate with in- 
creasing drainage area Brown has indicated for more limited geographic 
region. appears, therefore, from the data for the southeastern 
states, that both Eq. and arevaluable only for generalizing the rate sedi- 
mentation that may expected. 

Probably there much better correlation both sets variables within 
limited geographic region such asthe Southern Piedmont because many the 
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unevaluated factors such land use, soil characteristics, slope the water- 
shed and runoff are relatively constant within such region. However, the use- 
fulness such relationship outside such region questionable. 
Another aspect reservoir sedimentation that has not been fully examined 
the reduction annual percent loss original storage capacity with time. 
almost every instance, subsequent surveys given reservoir indicate 
reduction inthe silting rate. Fig. graphic portrayal this aspect for two 
Tennessee Valley impoundments. The reasons for this not evident from 
the data available the writers but the following explanations are suggested: 


Initiation effective soil conservation practices the watershed progres- 
sively reduces siltation. 

Decreased capacity reservoir causes higher velocity flow through 
the impoundment, which tends keep the material suspension. 


Whatever the explanation such trend may be, evaluationof this phenom- 
enon for given reservoir can permit more accurate estimate the useful 
life the reservoir made. Generally, the estimate basedon constant 
rate storage reduction. 

Until the rate reservoir sedimentation can more accurately defined 
terms readily measured factors, provision for silt storage should based 


studies accumulations nearby reservoirs watersheds similar char- 
acter. 


SUMMARY AND CONCLUSIONS 


Silt accumulation reservoir result soil erosion the watershed 
area. Factors believed important the formation silt are; 


rate and amount rainfall and runoff, 
slope the watershed, 

land use the catchment area, and 

character soil the watershed. 


Previous attempts relate empirically sediment accumulation the phys- 
ical characteristics reservoir capacity and size drainage area within 
geographic region have met with limited success. The writers have attempted 
analyze, statistically, the data for the southeastern United States. This anal- 
ysis indicates the following: 


The annual volume sediment formed directly proportional the 
drainage area. For the southeast, the annual sediment accumulation averages 
0.44 acre-ft per mile drainage area. 

The annual rate sediment accumulation per unit drainage area related 
the capacity-watershed ratio. However, statistical correlation poor. This 
poor correlation precludes the use the derived equations for design purposes. 

The percent lossof original storage capacity decreases with time. Eval- 


uation this relationship for given reservoir may lead better estimate 
useful structure life. 


apparent that attempts relate the rate sedimentation reservoir 
capacity and watershed area leave much desired. suggested that 
further study include the following: 


The relationship between sediment accumulation and the weighted average 
slope the catchment area; 
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7-10 
7-11 
7-12 
7-13 
7-14 
7-15 


North Carolina: 
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the effect (a) average annual runoff annual peak floods the rate 
silt accumulation; 
the relationship reservoir surface loading, overflow rate, sedimenta- 
tion since settling function the surface loading; and 
classification reservoirs according shape may affect deposition. 


The need for more accurate methods silt forecasting and control appar- 
ent. The solution this problem poses achallenge thefields soil 
conservation and water resources management. 
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APPENDIX I.—IDENTIFICATION RESERVOIR 
NUMBER GIVEN DATA SHEETS 


Lake Apex, Swift Creek, Apex. 

Franklinton Reservoir, Sallie-Keaney Creek, Franklinton. 
Lake Brandt, Reedy Fork, Greensboro. 

Highpoint Reservoir, Deep River, High Point. 

Lake Michie, Flat River, Durham. 

Sanford City Reservoir, Lick Creek, Sanford. 

University Lake, Morgan Creek, Chapel Hill. 

Roxboro City Lake, Satterfield Creek, Roxboro. 


Burlington Municipal Reservoir, Stoney Creek, Burlington. 


Walnut Cove Reservoir, Dan River, Walnut Cove. 
Albemarle City Lake, Long Creek, Albemarle. 

Cannon Lake, Buffalo Creek, Kannapolis. 

Lake Concord, Chambers and Rose Branch, Kannapolis. 
Entwhistle No. Hitchcock Creek, Roberdell. 

Eury Reservoir, Little River, Troy. 

High Rock Reservoir, Yadkin River, Salisbury. 

Lake Lee, Richardson Creek, Monroe. 


Pee Dee Manufacturing Co., Hitchcock Creek, Rockingham. 


Salem Reservoir, Salem Creek, Winston Salem. 
Norwood Lake, Pee Dee River, Mt. Gilead. 


Lexington Reservoir, Leonard’s Creek, Lexington. 
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Reservoir, Little Tennessee River, Fontana. 

Reservoir, Little Tennessee River, Tapoco. 

20-16 Chatuge Reservoir, Hiwassee River, Hayesville. 
20-18 Hiwassee Reservoir, Hiwassee River, Murphy. 

South Carolina: 

Chester Reservoir, Sandy River, Chester. 

7-2 Lancaster Reservoir, Turkey Quarter Creek, Lancaster. 

7-3 Spartanburg Municipal Reservoir, Pacolet River, Spartanburg. 
Appalachie Reservoir, South Tyger River, Greer. 

8-1 Lake Isaqueena, Six Mile Creek, Clemson. 

Georgia: 

Reservoir, Nottely River, Blairsville. 

8-2 Lloyd Shoals, Ocmulgee River, Jackson. 

11-1 Newman Reservoir, Bolton Mill Creek, Newman. 

12-1 Sequoyah Reservoir, Small Brothers, Jasper. 

12-2 White Manganese No. Pettit Creek, Cartersville. 

Alabama: 


12-3 Lake Auburn, Tributary Town Creek, Auburn. 
12-4 Lay Reservoir, Coosa River, Clanton. 

12-5 Lake Purdy, Little Cahaba River, Birmingham. 
13-1 Bayview Reservoir, Village Creek, Birmingham. 
13-2 Lake Harris, Yellow Creek, Tuscaloosa. 


18-4 Guntersville Reservoir, Tennessee River, Guntersville. 
18-5 Wheeler Reservoir, Tennessee River, Town Creek. 
18-6 Wilson Reservoir, Tennessee River, Florence. 
Mississippi: 

15-26 Reservoir, Coldwater River, Arkabutla. 
Tennessee: 

18-1 Radnor Lake, Other Creek, Nashville. 

18-7 Pickwick Landing, Tennessee River, Pickwick. 


20-5 Cherokee Reservoir, Holston River, Jefferson City. 


20-6 Nolichucky Reservoir, Nolichucky River, Greenville. 
20-7 Douglas Reservoir, French Broad River, Sevierville. 
20-13 Reservoir, Cove Creek, Caryville. 
20-14 Reservoir, Clinch River, Norris. 
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SEDIMENTATION 
Apalachia Reservoir, Hiwassee River, Farner. 
20-21 Ocoee No. Ocoee River, Ducktown. 

20-22 Ocoee No. Ocoee River, Parksville. 


Chickamauga Reservoir, Tennessee River, Chattanooga. 


Hales Bar Reservoir, Tennessee River, Jasper. 
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LIGHT CONVERSION EFFICIENCY ALGAE GROWN SEWAGE 


William Oswald,! ASCE 


SYNOPSIS 


Engineering design cultures algae for effective waste treatment re- 
clamation dependent the algal light conversion efficiency, which highly 
variable and strongly influenced the environment. This paper presents re- 
icochemical environment. 


INTRODUCTION 


Efficient utilization sunlight energy through large-scale culture algae 
offers solution several environmental-control problems. the satisfac- 
tion the oxygen demand organic wastes such sewage, the production 
algae for food raw materials, the more futuristic application algal 
cultures inspace waste disposal, oxygen production, and carbon dioxide 
absorption, areal weight requirements cultures are determined mainly 
the efficiency with which algae convert the available light energy into the fixed 
energy their cells. step toward the realization more efficient algal 
cultures, there are presented the results series laboratory studies de- 
signed determine the influence the physicochemical environment the 
over-all light conversion efficiency continuous cultures green unicellular 
algae grown sewage. 


Note.—Discussion open until December 1960. extend the closing date one 
month, written request must filed with the Executive Secretary, ASCE. This paper 
part the copyrighted Journal the Sanitary Engineering Division, Proceedings 
the American Society Civil Engineers, Vol. 86, No. July, 1960. 

Assoc. Prof. San. Engrg. and Public Health, Univ. Calif., Berkeley, Calif. 
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practical basis, algal cultivation sewage generally involves the use 
outdoor ponds into which sewages dilute organic wastes are introduced, and 
the application design characteristics which will growth algae 
quantities sufficient meet exceed the oxygen requirements the waste 
under treatment. The process previously described,2 shown schematically 
Fig. Sunlight energy absorbed pond algae which, through photosyn- 
thesis, release molecular the water. This oxygenis used aerobic 
sewage bacteria decomposing organic matter from wastes newly introduced 
into the pond and from aerobic sludges accumulated the pond result 
previous bacterialactivity. During organic matter, its basic mole- 
cular components, such carbon dioxide, ammonia, and phosphate, are released 
into the liquid and become available for use algae; the cycle continues 
sunlight and nutrients are supplied. Thus, light energy used produce oxygen 
and effect waste treatment. Excess oxygen liberated into the. atmosphere 
algae are produced. crop harvested, the residual water 
possesses quality equalor superior effluents from conventional types bio- 
logical waste treatment and thus may serve industrial water resource. 


Sewage Organic 


Oxygen Harvested 
algae 
4 
/ 
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Bacteria Algae 


Aerobic NH,+CO, Sunlight 


sludge 


FIG, 1.—PROCESS PHOTOSYNTHETIC OXYGENATION 


Because each gram algae that grows releases about 1.6 oxygen, 
would possible predict the maximum which wastes could applied 
pond, one could predict the rate algal growth. predict the rate 
algal growth, essential know the rate which light energy becomes 
available and the magnitude the fraction this light energy converted toalgal 
cell material. For outdoor ponds, the rate which light energy becomes avail- 
able may estimated from published tables,2 but the fraction converted 
algal not been studied systematically for algal growth sewage. This 
fraction, termed herein the “over-all light conversion efficiency,” defined 
the ratio total energy fixed algae total energy absorbed visible light. 

least two studies over-all light conversion efficiency pure cultures 
unicellular green algae grown ininorganic media have been reported. Kok 
grew Chlorella Warburg monochromatic light under various environ- 
mental conditions selected reveal the maximum efficiency light utiliza- 
tion.* Kok also studied variations chemical composition the algae, nitro- 


actions, ASCE, 122, 1957, 73. 

“Algae Waste Treatment,” W.J. Oswald, Gotaas, Golueke, and 
Kellen, Sewage and Industrial Wastes, Vol. 29, No. 1957, 437. 

the Efficiency Chlorella Growth,” Kok, Acta Botanica Neerlandica, 
Vol. No. 1952, 446. 
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gen metabolism, and several other factors relation efficiency. Based 
heat combustion indicated the ratio total energy fixed algae 
total energy absrobed visible light, Kok found maximum efficiency about 
25% under optimum conditions indoors. 

Van Oorschot efficiency studies for several species 
unicellular green algae grown outdoors in0.05 media under varying 
conditions. The cultures were grown flat vessels covered with glass, and 
carbon dioxide-enriched air was flushed over the culture surfaces. One strain 
algae (Scenedesmus was reported fix visible sunlight energy with effi- 
ciencies from 5%to 10% (average, 8%). During brief period without carbon 
dioxide enrichment, efficiency 2.5% was observed. Because large quan- 
tities carbon dioxide and strong inorganic media were used for Kok’s and 
Van Oorschot’s studies, the efficiencies measured are not comparable those 
for algal growth inorganic wastes. Hence there remained need for studies 
light energy conversion efficiency algae grown sewage. 

Specifically, the studies reported herein were designed determine the mag- 
nitudes the over-all light energy conversion efficiencies attained continuous 
(chemostatic) algal cultures grown sewage over practical range varia- 
tion sewage strength and exposed variety climatological conditions 
comparable those which might encountered outdoor ponds. 


MATERIALS AND METHODS 


Because environmental factors vary unpredictably under outdoor conditions, 
laboratory growth units were used the studies. Continuous cultures algae 
and bacteria were grown, using domestic nutrient. schematic dia- 
gram one the laboratory growth units shown Fig. Six such growth 
units were operated parallel during eachexperiment. Each unit was equipped 
maintain continually established level detention period, temperature, 
light duration, light intensity, and gas flow. Provision was made control the 
strength and composition both the nutrient sewage and the gas used for 
mixing. 

The sewage was “bottled” quantities sufficiently large furnish medium 
for several complete experiments, and was sterilized autoclaving permit 
indefinite storage without decomposition. The bottling and sterilization methods 
used have been The composition several typ- 
ical batches sewage are given Table 

Because was necessary bubble air through continuous laboratory cultures 
obtain complete mixing, the concentration carbon dioxide the culture- 
liquid equilibrium with the bubbled air tended lower than that outdoor 
ponds, which much the carbon dioxide produced through microbial action 
remains dissolved combined with the pond water. assure availability 
carbon dioxide amount comparable that attainedunder ordinary con- 
ditions outdoor ponds, small quantity carbon dioxide (that is, total 
0.045%) was added the air used for mixing. The value 0.045% was se- 
lected because, experimentally, gave average values most nearly typical 
those encountered outdoor ponds. 


“Improved Yields Algal Mass Cultures,” Kok and Van Oorschot, 
Acta Botanica Neerlandica, Vol. No. 1954, 


“The Influence Physical Environment upon the Over-all Efficiency Light En- 
ergy Conversion Chlorella the Process Photosynthetic Oxygenation,” 
Oswald, Dissertation, Univ. California, Berkeley, 1957. 
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Continuous culture 
Cold finger cooler 
3 Gas escape 
Temperature probe 
Heater 
Compressed air supply 
Pressure regulator 
Heated filter 
Critical orifice 
Rotameter 
Sterile filter 
Magnetic mixer 
Feed siphon 
Sterile sewage 
Mixing bar 
Air intake 
Feed refrigerator 
Solenoid 
Solenoid 
Electronic feed meter 
Feed injection pump 
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Air-feed injection 
Culture 
Sample collector 
Sample refrigerator 
Liquid trap 
Vacuum pump 
Electronic depth sensor 


Heater vacuum relay 
Light cycle time 

Fluorescent light 

Culture drain 


Cooling manifold 
Carbon dioxide supply 
FIG, 2.—SCHEMATIC DIAGRAM AUTOMATIC CONTINUOUS 
ALGAL GROWTH UNITS 
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The growth units were designed that experiments could continued for 
prolonged periods, although these experiments most cultures attained the 
steady state days, which time efficiency measurements were made. 

indicated previously, the method for measurement photosynthetic effi- 
ciency required precise determination both the caloric value energy 
fixed the algal cells and the caloric value light energy absorbed the 
culture. Since the cultures were growing steady state, and since complete 
mixing maintained culture homogeneity, the light energy fixed daily was deter- 
mined measuring the production algal cell materialor yield per day. This 


TABLE SEWAGE 


Characteristic Sewage 


156 


day BOD 120 
Total Solids 600 
Total Volatile 266 
Total Ash 334 
Suspended Solids 
Suspended Volatile 
Suspended Ash 
Dissolved Solids 520 
Dissolved Volatile 

Dissolved Ash 

Total Nitrogen 

Organic Nitrogen 

Ammonia Nitrogen 

Nitrate Nitrogen 

Nitrite Nitrogen 

Phosphorus 

Sulphur 

Potassium 

Magnesium 

Calcium 

Sodium 

Alkalinity 


milligrams per liter. 


involved determination the average concentration algae the culture, 
milligrams per liter. Then the yield, was computed, using the expression, 


which expressed milligrams per liter per day, and the hydraulic 
detention period, determined from 


which the culture volume and the daily volume influent nutrient 
effluent culture. After determining the concentration the algae, their heat 
combustion was determined from their chemical composition 


“The Chemical Composition Chlorella: Effect Environmental Conditions,” 
Spoehr and Milner, Plant Physiology, Vol. 24, 1949, 120. 


168 
574 
247 
510 
222 
288 
61.3 
33.6 
1.4 
240 
9.32 
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Spoehr and Milner and means bomb calorimeter. The 
caloric value energy fixed algae each day, was computed from 


which the heat combustion the algae calories per milligram and 
each the remaining terms previously defined. the application Eq. 
was assumed that the detention period for algal cells was equal the hy- 
draulic detention period. Inasmuchas complete mixing was applied continuously, 
this assumption valid. 

Measurements light absorption were also made when the continuous cul- 
tures were growing steady state, which time light absorption remained 
essentially constant with respect totime. detailed the appara- 
tus and techniques used for making the light measurements, together with 
theoretical discussion and experimental verification their validity, has been 
given radiation vacuum thermocouple calibrated indicate mil- 
licalories per square centimeter per minute was used measure the energy 
content both the incident and the emitted light, while light meter sensitive 
intensities low ft-candle was used determine the pattern and mag- 
nitude intensity variation over the circumference and length the tube. All 
light measurements were made under conditions which eliminated extraneous 
absorption and scattering important error. From these measure- 


ments the instantaneous light energy absorbed for given area, was com- 
puted 


which the incremental area, Hi, denotes the incident light energy, and 
the emitted lightenergy. The rateat which light energy became available 
for photosynthesis given growth tube was then 


° 


which expressed millicalories per liter per minute, denotes the 
tube radius centimeters, element central angle the growth tube 
degrees, and represents the tube length centimeters. Because the 
great variability patterns incident and emitted light function 
well and because the terms and differed for each culture, light 
measurements over the entire surface each tube were essential obtain pre- 
cise curves showing function and The value was then 
determined graphic integration. 

The total light energy, absorbed daily bya liter culture given tube 
was computed from 


which the caloric value light energy absorbed the culture cal- 
ories per liter per day, denotes the time illumination minutes per day, 
indicated Eq. and represents the volume the cul- 
ture tube liters (approximately 1.0). 

The steady state efficiency for each culture wascomputed from Eq. and 


which the over-all photosynthetic efficiency. 
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Because energy per unit volume used parameter pond design, 
which depth major variable, and because culture depth known, light en- 
ergy may expressed either volumetric areal basis. these 
studies, for convenience, the absorbed light energy expressed incalories per 
unit time per liter. For example, the growth units, calories per per 
min corresponds intensity about millicalories per per min, 
50,000 ergs per per sec, along the face the growth tube adjacent 
the illumination source. 

addition measurements light energy, cell weight, and cell energy, 
determinations were made the level the cultures during light and dark 
periods, the quantity volatile matter the dissolved and suspended solids 
the influent and the effluent the close each experiment, and the 
nitrogen balance the cultures. Algal chlorophyl content, packing character- 
istics the cell solids, and algal populations were also determined. 

For each culture whichalgae and bacteria were grown, culture contain- 
ing only bacteria was grown under the same physical conditions. the bacter- 
ial cultures oxygen was supplied the bubbling air. maintaining separate 
culture bacteria, the degree oxidation waste attained the cultures 
solely through the activity the bacteria was determined. The bacterial inoc- 
ulum for each culture contained twenty-one species bacteria which grow 
readily sewage the laboratory. These organisms have been 
described previously.8 

Before the main investigation environmental factors could initiated, 
was necessary decide which the several algal species commonly found 
ponds could conveniently used the experiments. Therefore, four species 
pond algae were grown continuous cultures various hydraulic detention 
periods, and their light energy conversion efficiencies were measured. 


RESULTS 


Efficiency curves for Chlamydomonas agloiformis, Chlorella pyrenoidosa, 
Scenedesmus obliquus, and Euglena gracilis are shown function deten- 


tion period Fig. Table 2(a) there are presented the specific experi- 
mental conditions for each series cultures. these and all the following 
curves, unless otherwise noted, efficiency values plotted are expressed per- 
centages. evident from each curve Fig. that conversion efficiency in- 
creasedrapidly toa maximum with increasing detention period, and then declined 
longer detention periods. According previous growth studies, low effi- 
ciencies accompanying short detention periods resulted from physical dilution 
cells rather than from reduced growth rate. detention periods longer than 
the optimum, efficiency declined because individual cells received less light 
and smaller share the nutrients result increase culture concen- 
tration. Thus specific detention period for maximum efficiency indicated 
for each species. 

The response Chlorella (C. Fig. variation detention period 
was comparable that Chlamydomonas (C. a.), and the detention period for 


“Algae Symbiosis Oxidation Ponds. Part Growth Characteristics Euglena 


Sewage and Industrial Wastes, Vol. 23, No. 11, 1951, 1337. 

“Algae Symbiosis Oxidation Ponds. Part Growth Characteristics Chlorella 
Lynch, Sewage and Industrial Wastes, Vol. 25, No. 1953, 26. 
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TABLE 2.—AVERAGE LEVELS 


(a) Fig. 


Light intensity, cal per per min 
Detention period, days 

Sewage BOD, per 
Temperature, 


maximum efficiency have been about Under 
the conditions prevailing, the efficiency for Chlorella was 2.0%, and for Chlam- 
ydomonas, 2.8%. Scenedesmus (S. showed maximum efficiency approx- 
imately 1.5%at detention period about days. Euglena (E. g.) attained its 
peak efficiency about 0.6% 6-day detention period. these cultures, 
according previous studies, both light intensity and light duration were 
superoptimum for Euglena. Thus relatively low efficiency was expected for 
Euglena. 

Although Chlamydomonas showed higher efficiency than Chlorella, was, 
general, more difficult grow. The cells tended cling tube surfaces 
and seemed tosecrete anoily substance. The other algae tested commonly pre- 
dominate properly operating ponds and are believed more desirable than 
Chlamydomonas. Chlamydomonas has been found tospread over the surface 
open ponds, shutting out light from lower strata; addition, wind action causes 
them collect pond corners, where they decay and give rise foul odors. 
Chlorella, Schenedesmus, Euglena, the other hand, remain dispersed 
throughout the pond volume when growing rapidly, and therefore liberate oxygen 
diffuse form throughout the illuminated depth. the latter three, Chlorella 
and Euglena were selected for further investigation efficiency, with major 
emphasis Chlorella. 

Detention Period.—In Fig. are presented results efficiency determina- 
tions carried out with Chlorella pyrenoidosa under more optimal experimental 
conditions than those depicted Fig. The curve shows that, when all other 
conditions were held constant the indicated levels, efficiency was inversely 
proportional the log the detention period: 


which the detention period (between and days). Eq. applies only 


cultures Chlorella pyrenoidosa under specified 
Table 2(b). However, the similarity between the curves Figs. and should 


“Algae Symbiosis Oxidation Ponds, Part III. Photosynthetic Oxygenation,” 


Oswald, Gotaas, Ludwig, and Lynch, Sewage and Industrial Wastes, 
25, No. 1953, 692, 
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EXPERIMENTAL CONDITIONS 


Species 


noted because indicates that each the algae would have similar rela- 
tionship between detention period and efficiency. 

Carbon Dioxide.— Because extreme daily variation, difficult state 
with certainty the concentration dissolved carbon dioxide which occurs any 
instant within sewage pond. probably high ppm ppm the 
early morning and virtually disappears after few hours Absorp- 
tion carbon dioxide from the atmosphere occurs rapidly under conditions 
high which usually obtain ponds when dissolved carbon dioxide depletion 
has occurred, but atmospheric used the algaeas soon 
comes into solution, and thus can only estimated the basis pH. 

The independent effect atmospheric carbon dioxide concentration effi- 
ciency was studied with Euglena gracilis. Results shown Fig. indicate that 
cultures Euglena increased inefficiency directly with increase free carbon 
dioxide concentration within the range 0.03% and 2.0% inair; the experimental 
conditions are presented Table 2(c). When carbon dioxide was completely 
absorbed from the bubbling air before was introduced into culture, Euglena 
failed grow and were soon displaced from the culture, that value 
could not obtained for the “0” carbon dioxide condition. 

concentrations carbon dioxide excess 2%, efficiency declined. How- 
ever, cultures which this decline occurred were found have entirely depleted 
their substrate ammonia, the principal nitrogen source sewage-grown 
Euglena.8 Had more ammonia been available, possible that efficiency would 
have increased above the indicated maximum. More recent studies!! Golueke 
carbon dioxide requirements Chlorella and Scenedesmus, however, indi- 
cate that these algae also reach their maximum efficiency between and 
carbon dioxide air. 

Fig. the approximate relationship between efficiency and percentage 
carbon dioxide the bubbling air between 0.03% and described the 
empirical expression: 


“Biological Control Enclosed Environments,” Golueke and Os- 
wald, Sewage and Industrial Wastes, Vol. 31, October, 1959. 


(b) Fig. (c) Fig. (d) Fig. (e) Fig. (f) Fig. (g) Fig. 
E.g. E.g. C.p. C.p. 
5.0 3.25 3.0 3.1 5.0 3.25 3.25 
0.045 0.045 Air 0.045 0.03 0.031 0.045 
|i 


which the percentage efficiency, has value about 1.0, and 
the percentage carbon dioxide air. 

Light Intensity.—In shown the influence applied light intensity 
light conversion efficiency Chlorella sewage under the experimental condi- 
tions indicated Table 2(d). general, the results indicate inverse pro- 
portionality between light intensity and efficiency. The values plotted curves 
and were obtained holding all other factors constant while light intensity 


3.0 


Conversion efficiency, percentage absorbed light energy 


Detention period, days 


FIG, OVER-ALL LIGHT CONVERSION EFFICIENCIES 
VARIOUS DETENTION 


was varied. Curve for which the greatest precision was exercised meas- 
uring efficiency, shows that was inversely proportional tothe log the inci- 
dent intensity between and calories per per min: 


which the average incident light energy over the entire face the 
growth tubes, calories per liter per minute. For the lower intensities, curve 
almost identical curve but the higher intensities curve fell below 
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curve probably because longer period light exposure was used for these 

cultures. extrapolation curve through lower intensities indicates that 

efficiency might have increased rather high values with decreased light in- 
tensity alonger detention period had beenused, However, evident the 
case the culture grown calories per per min, the algae failed attain 
the cell concentration which would required for such efficiency, probably 
because the persistent displacement the rapidly growing cells dilution 
with influent the continuous culture. Hada constant detention period longer 
than days been used for the experiment, possible that the maximum 


Conversion efficiency, percentage absorbed light energy 


4 
Detention period, in days 


DETENTION PERIOD OVER-ALL LIGHT 
CONVERSION EFFICIENCY CHLORELLA PYRENOIDOSA 
CULTURED SEWAGE, 


the curve would have been higher intensity calories per than was 

calories per From knowledge the effect detention period effi- 
ciency (Figs. and 4), the magnitude the entire efficiency curve would pro- 
bably have been below that shown curves and Fig. Thus, maximum 
efficiency about attained intensity about calories per per min 
indicated for Chlorella under average environmental conditions. 

Daily Light Duration.—The duration diurnal illumination was varied 
these experiments order duplicate seasonal variations the fraction 
time during which light available each 24-hr day. Fig. shown the 
influence exerted over-all conversion efficiency variation the daily 
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duration illumination; the experimental conditions are presented Table 
2(c). curve shown the efficiencies attained when concentration 
0.045% free carbon dioxide air was used aerate cultures Chlorella, 
which all other variables were held essentially constant levels indicated 
the table. The empirical expression, 


which the time continuous light duration expressed the percentage 
hr, appears fit the experimental results for efficiencies observed when 
light duration was greater than about 50%. 


Air 0.5 2.0 4.0 8.0 


Conversion efficiency, percentage absorbed light energy 


FIG, CARBON DIOXIDE CONCENTRATION OVER-ALL 
LIGHT CONVERSION EFFICIENCY EUGLENA GRACILIS. 


Curve Fig. indicates the influence light duration the efficiency 
attained cultures Euglena aerated with 0.03% carbon dioxide air. Re- 
sults shown this curve differ from the findings shown curve because the 
5-day constant detention period used for these experiments evidently was too 
short for Euglena when light less than 50% was used. Thus large 
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difference species response diurnal light also indicated these 
data. 

Effect Fig. shown the influence BOD the photosynthetic 
efficiency Chlorella continuous culture; the experimental conditions are 
shown Table 2(f). The relatively low values for efficiency resulted from the 
fact that, avoid masking the expected effect BOD, the air used for mixing 


Conversion efficiency, percentage absorbed light energy 


Applied light intensity, H;, calories per liter per minute 


FIG, 6.—INFLUENCE LIGHT INTENSITY OVER-ALL LIGHT 
CONVERSION EFFICIENCY CHLORELLA 


this series was not enriched with carbon dioxide. Therefore, the amount 
carbon dioxide well other nutrients was function solely applied BOD, 
and the curve presumably independent effect sewage BOD the 
conversion efficiency under the specified conditions. Within the range 


per per efficiency increased with BOD, approximate agreement 
with the expression: 


which the 5-day, 20° BOD the sewage the time feeding. 


ag 
By 
© 
4 
2 
| 
; 


Bacterial turbidity was factor perhaps more important inrestricting effi- 
ciency than was carbon dioxide concentration. cultures having 5-day BOD 
values greater than 150 per total light absorption was extremely high. 
Large quantities bacterial sludge and detritus were found centrifuged 
samples, that with increased BOD, increasing percentage the light was 
absorbed bacterial turbidity rather than algae. computations effi- 
ciency, corrections for non-algal sludge were applied the fixed energy outputs. 
Thus, even though the amount algae increased, the incremental quantities 


Conversion efficiency, percentage absorbed light energy 


O 


FIG, 7.—INFLUENCE DURATION DIURNAL ILLUMINATION OVER-ALL 
LIGHT CONVERSION EFFICIENCY CHLORELLA PYRENOIDOSA AND 
EUGLENA GRACILIS, 


algae produced per unit light absorbed declined sewage strengths above 
150 per Noeffort was made tocorrect light input for bacterial absorption, 
but, had this correction been measured and applied, efficiencies twice those 
reported would probably have been computed. 

Fig. shown the influence temperature upon conver- 
sion efficiency Chlorella pyrenoidosa sewage. indicatedin Table 2(g), 
these cultures were aerated with air containing concentration 0.045% carbon 
dioxide, while all the other factors except temperature Con- 
version efficiency was extremely low, not negligible, temperature less 
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Conversion efficiency, percentage absorbed light energy 


Sewage BOD, milligrams per liter 


FIG, BOD OVER-ALL LIGHT CONVERSION 
EFFICIENCY CHLORELLA PYRENOIDOSA CULTURED 
SEWAGE, 


Conversion efficiency, percentage 
absorbed light energy 


Culture temperature, in degrees centigrade 


FIG, 9.—INFLUENCE TEMPERATURE OVER-ALL VISIBLE LIGHT 


Eq. 

A 
100 200 300 400 


than but increased rapidly with increase temperature about 20° 
above which the efficiency the culture began todecline. The indicated increase 
probably would have continued atemperature 25° large portion 
the light been absorbed turbidity produced bacterial growth. Under 
average outdoor conditions illumination, with carbon dioxide enrichment 
approximately that ponds, and with temperatures between and for 


this species Chlorella, efficiency and temperature would have the empirical 
relationship 


which the centigrade temperature the culture. Although the experi- 
mental evidence indicates decline inefficiency above 18° believed that 
Eq. might valid for algae grown outdoor ponds about 25°C, be- 
cause extraneous turbidity controllable outdoor ponds. 

Some Effects the the cultures showed that the 
every culture was approximately 8.0 during dark periods. With the onset 
the period illumination, however, each culture algae underwent in- 
crease pH, while that the bacterial control cultures remained constant. 
The rate increase and its ultimate magnitude were directly proportional 
light intensity, and the length time during which the level remained high 
was the duration illumination. The average total number pe- 
riods during which given volume culture was exposed toa high level was 
function the hydraulic detention period. Thus, bacteria and algae the 
mixed cultures were exposed elevated levels for variable lengths time, 
depending the degree light intensity, the duration the period illumi- 
nation, and the length the detention period. Continuous recording would 
have made possible precise integration pH-magnitude-duration curves, but 
this was not possible with the available equipment. Instead, approximate 
integration was obtained for each culture by: (1) midday, 
(2) subtracting from the midnight (that is, 8.0), and (3) multiplying this 
difference the product the light duration, expressed decimal, and 
the detention period, days. Thus, 


Fig. shown pH-duration versus conversion efficiency for all 
the cultures except those shown los temperatures. The data indicate that 
inverse relationship existed between conversion efficiency and pH-duration. 

explain the nature this inverse relationship, the effect bacterial 
activity the bacterial and the algal-bacterial cultures was studied. the 
bacterial controls which there was little change during 3-day detention 
period, dissolved volatile solids were decreased maximum 120 per 
(from 220 per the influent 100 per the effluent), indicating 
that, 8.0, oxidation about 55% the volatile matter took place. 
cultures containing both algae and bacteria which increases were noted, 
dissolved volatile matter was oxidizedin varying amounts. order 
oxidation inthe algal-bacterial cultures, was assumed that vol- 
atile soldis from 220 per 100 per represented complete oxidation 
available organic matter. The percentage organic matter oxidized ina 
given culture was then computed follows: 


3 
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which the dissolved volatile solids the effluent supernatant, mil- 
ligrams per liter. value 100% would thus indicate that bacterial oxidation 
the algal-bacterial culture equal the maximum oxidation attained 
the bacterial controls, whereas oxidation would indicate absence detec- 
table bacterial activity. 

Fig. 11, the percentage introduced volatile matter oxidized plotted 
function pH-duration. evident that, with the exception one instance, 
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Duration of pH in excess of 8.0, pH unit-days 


FIG. EFFECTS OVER-ALL VISIBLE LIGHT CONVERSION 
EFFICIENCY CHLORELLA 


which probably was due toan error, introduced volatile soldis were oxidized 
inverse proportion pH-duration. Thus, the elevated accompanying high 
rates photosynthesis apparently resulted astrong bacteriostasis which re- 
sulted decreased oxidation applied organic matter. 

Optimization over-all view the data shows that, for light 
intensity, light duration, and detention period, maximal efficiency and maximal 
production oxygen and organic matter did not occur simultaneously. de- 
termine the environmental conditions under which maximal production organic 
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Introduced volatile solids oxidized, percentage maximum 


FIG, pH-DURATION THE DECOMPOSITION 
ORGANIC MATTER CONTINUOUS CULTURES, 


2000 


1500 


500 


Incident light energy, calories per liter-minute 


FIG, 12.—PRODUCTIVITY FUNCTION LIGHT INTENSITY FOR 
CULTURES CHLORELLA PYRENOIDOSA, 


ay 
Gps 
q 
60 
4 
1000 
P=66%, D=3.0 
ag 
j 


matter oxygen was attained, the product algal volatile matter, and 
photosynthetic efficiency, each levelof the parameter, was computed from 


The value measure the productivity, power output, given cul- 
ture and hence seeking optimum levels for the environmental condi- 
tions. 

Fig. shown plot values versus light intensity for the two 
curves Fig. evident that maximal values are obtained about 
12.5 and 17.5 calories per per min. Differences the two maxima are at- 
tributed differences detention period and duration illumination, values 
for which are also shown Fig. 12. Since longer period light exposure 
results inefficiency, the culture exposed 66% light duration and 
3.0-day detention period should have lower maximal value lower 
light intensity than would the culture exposed 50% light duration and 3.25-day 
detention period. 

Computation P,-values for detention period independent variable 
(from Fig. showed maximal value about 1,400 detention period 
days 4.6). The value decreased slightly detention period was 
increased from days days, having value about 1,200 days. 
detention periods less than days, the value decreased rapidly towards 
zero about 1/2 day. 

Computation for duration diurnal illumination inde- 
pendent variable for Chlorella (from Fig. showed maximal value about 
2,600 duration 20% 6.9), but this has practical application sewage 
treatment, because durations 288 light minutes occur the earthonly during 
the winter the Arctic where sewage treatment this type would unfeasible 
without artificial heat and illumination. 

For the parameters temperature, BOD, and carbon dioxide concentration, 
plot parallels the efficiency curves; hence, maximal oxygen production 
power output occurs under the same conditions does maximal efficiency. 


DISCUSSION RESULTS 


The experimental evidence shows that the over-all light energy conversion 
efficiency algal cultures increased, within limits, with increased tempera- 
ture, sewage strength, and carbon dioxide concentration; and decreased with 
increased light intensity, detention period, and light duration. Although not 
possible fully these findings, changes pH, nutrient supply, and light 
availability appear major importance. algal-bacterial cultures ex- 
posed tohigh light intensities, long periods light exposure, and long detention 
periods, the rose levels high 11.2 during periods illumination and 
fell 8.0 lower during dark periods. Cultures containing only bacteria did 
not exhibit systematic periodic changes inpH. Organisms the algal-bacterial 
cultures were exposed high various lengths time; increased 
with increased light intensity, light duration, and detention period. general, 
the magnitude the individual cultures increased proportion algal 
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concentration. Inasmuch sewage organic matter oxidized most efficient- 
7.5 8.0, cultures that attained levels above 8.0 probably 
would have bacterial activity inhibitedin proportion the difference lev- 
and the time exposure, unless there was period adaption acclima- 
tization. 

The data correlating oxidation with pH-duration support hypothesis that 
intermittent variation preventedacclimatization the bacterial inoculum. 
Periods excessive were indirectly responsible for low photosynthetic ef- 
ficiencies attained algae such cultures because inhibition bacterial 
oxidation organic matter during the light periods and the resultant interrup- 
tion the photosynthetic oxygenation cycle Fig. which led directly short- 
age carbon dioxide, ammonia, and other nutrients essential algal growth. 

During the dark periods, when rapid uptake carbon dioxide the algae 
halted owing cessation photosynthesis, the declined level favor- 
able for bacterial oxidation. Consequently, some degree oxidation resumed, 
and carbon dioxide and ammonia were produced. Also, fresh nutrients entered 
the system the continuing feed. However, ammonia and, great extent, 
carbon dioxide, are not used algae the dark; hence, the concentration 
the two substances increased. With the light period, carbon diox- 
ide and ammonia were assimilated, and algal growth proceeded rapidly; but, 
the excess carbon dioxide and ammonia were used up, growth slowed. Some 
ammonia was found disappear from culture supernatants inamounts exceed- 
ing algal uptake. During periods high pH, this ammonia could have been lost 
either result gas the air used for mixing through incor- 
poration into complex molecular precipitate unavailable the algae. Which- 
ever was the case, the result was the same, namely, the algae became starved 
for nitrogen and their efficiency was impaired. 

Cultures having short detention periods brief periods illumination, 
both, did not undergo wide variation pH, but were subjected another ad- 
versity: because nutrient was added and culture withdrawn hourly, the algal 
cells, unable grow the dark, had their numbers depleted, result di- 
lution with nutrient, direct proportion the increase duration the dark 
period, and inverse proportion the detention period. Most the algal cul- 
tures recovered their nocturnal loss cells attaining the light growth 
rate proportionately higher than their average rate growth over the entire 
period. During the light period, instantaneous efficiencies these cultures 
were thus without doubt somewhat higher than the 24-hr average efficiencies 
reported herein. However, these dilution conditions are typical those which 
would encountered actual ponds, and consequently the 24-hr average ef- 
ficiencies determined are more conservative than arethe higher instantaneous 
efficiencies. 

connection with nocturnal dilution, note that the Euglena 
cultures the run with zero light duration andat 5-day detention period were 
completely diluted. This evidence that, although Euglena credited with 
being saprophytic under some conditions, this particular Euglena grac- 
ilis could not assimilate sufficient quantities sewage organic matter the 
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dark maintain growthrate comparable that which the light. 

The quantities carbon dioxide, ammonia, and other compounds liberated 
through microbial oxidation sewage increased direct proportion the in- 
crease insewage BOD. Because these compounds are essential for algal growth, 
was expected that increased sewage BOD would increase the photosyn- 
thetic efficiency attained the algae grown therein. The observed relative 
improvement efficiency with increase BOD, however, was not due solely 
the total increase nutrients, but also the improved availability these 
nutrients. Cultures fed with sewage having high BOD had alower average 
during the light period; hence, the environment was more favorable for bacteria. 
The increase efficiency obtained with BOD loading therefore was due also 
increased bacterial liberation nutrients and for am- 
monia loss. The fact that efficiencies the BOD studies were lower than other 
efficiencies attained Chlorella probably was due the diox- 
ide concentration the bubbling air, and strong light absorption bacteria 
that were present profuse numbers cultures having higher 

was noted that algal-bacterial cultures which were mixed air 
containing added carbon dioxide did not increase during illumination much 
did that cultures aerated with unenriched air. Hence, probable that 
shortage carbon dioxide was the major fundamental cause the charac- 
teristic increase pH. Increased pH, turn, brought about decrease 
bacterial oxidation organic matter, loss ammonia-nitrogen, and de- 
crease photosynthetic efficiency. 

With the foregoing concepts mind, possible interpret the experi- 
mental relationships between efficiency the one hand and light intensity, de- 
tention period, and light duration the other. the case Chlorella, de- 
tention periods shorter than about day both nutrient andlight were abundant, 
but physical displacement the algae took place result the continuous 
dilution. Algal cells thus were displaced almost rapidly they multiplied. 
the detention period was increased, the rate physical displacement was 
decreased below the rate cell multiplication, that was possible for the 
concentration algae increase. such detention periods, nutrients were 
sufficient needs the algae, but light became limiting their growth. 
Under such conditions, the efficiency the individual cell increased, although 
the over-all efficiency the culture was actually lower than shorter deten- 
tion periods. With further increase detention period, algal concentration 
tended increase, the amount nutrient added per day was less 
than shorter detention periods. The amount carbon dioxide available each 
cell was then short supply; result, all carbon dioxide soon disappeared 
from the culture. This led decrease buffer capacity, unhindered in- 
crease pH, loss ammonia the bubbling air, and decrease conver- 
sion efficiency. 

Similar relationships apply the findings for cultures exposed varying 
periods illumination during the day. cultures having short light period 
and long dark period, the time illumination was sufficiently brief and the 
dark period sufficiently extended result bacteria algal-bacterial cul- 
tures being exposed limited periods inhibition and long periods activ- 
ity. Consequently, nutrients were plentiful and the total light received was be- 
low optimum, that high efficiencies wereattained. When the illumination pe- 
riod was longer than the dark period, algal growth was profuse, and absorption 
carbon dioxide the algae became high; hence, the culture became unbuffered, 
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the rose, and, with the accompanying decrease nutrients, the growth rate 
declined and efficiency became low. 

The foregoing material demonstrates that periodand light du- 
ration exert indirect influence efficiency, through influencing the number 
cells, the richness the nutrient, and the period light exposure. These 
influences are characterized three essential zones: zone short deten- 
tion periods short light-duration, which the cells not rapid- 
they are displaced hydraulic dilution, and hence--although individual 
cells may highly efficient--culture concentration and efficiency are low; 
zone intermediate detention periods light-duration, which the cultures 
are rich newly formed cells, nutrient abundant, and efficiency high; and 
zone long detention periods light-duration, wherein overpopulation brings 
both nutritional deficiencies and light limitations, sothat both individual cell 
and over-all culture efficiency becomes low. 

With respect light intensity alone, over-all efficiency declines with in- 
creasing intensity, because the physiological limitations light saturation 
Jack Myers. Also, dense homogeneous and vigorously mixed 
cultures such these, light saturation frequently limits efficiency less than 
does nutrient depletion. Yellowing cultures, which attended loss ammonia, 
always occurred under high light intensities, indicating chlorophyl deficiency. 
Naturally under these conditions efficiency declined. 

Temperature exerted primary effect upon the conversion efficiency the 
algae, does upon most the activities living things. The Chlorella 
species with which these experiments were were clearly mesophilic 
that their temperature optimum was approximately 20° Although efficiency 
was practically nil below these experiments were performed with con- 
tinuous cultures, that the low efficiency obtained does not mean that 
Chlorella cannot grow below this temperature, but simply that they cannot grow 
rate sufficiently rapid maintain their levelat this tem- 
perature when diluted continuously 3.25-day 4-day detention period. 

Above 20°C, several factors brought about these elevated temperatures 
appeared increasingly detrimental influence conversion efficiency. 
The effects due (for example, bacteriostasis and ammonia-loss) were 
much more pronounced higher temperatures. the other hand, cultures 
where effects were not pronounced, bacterial growth was profuse that 
interfered with photosynthesis, because bacterial protoplasm absorbed much 
the light. Measurements designed differentiate between algal and bacterial 
absorption showed that, some cultures, more than one-half the available 
light was absorbed non-algal material. This highnon-algal light absorption, 
coupled with the corresponding diminution algal growth, several instances 
led apparent over-all photosynthetic efficiencies which were only one-half 
those actually attained the algae with light absorbed them alone. 

general, can said that, although light intensity, nutrient level, and 
temperature are the most fundamental factors influencing efficiency, the extent 
and nature their influence sometimes modified detention period and du- 
ration illumination. Hence, although detention period and duration illumi- 


nation cannot considered fundamental variables, they may exerta dominating 
influence. 


“Algae Energy Converter,” Jack Myers, Proceedings, World Symposium 
Applied Solar Energy, Stanford Research Inst., 1956. 
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combining the quantitative analytical results order predict 
the efficiency expected under combination specific outdoor conditions 
would desirable. the variables studied were independent, such formula- 
tion would lend itself relatively simple derivation. However, none the 
variables studied have been found strictly independent. Light intensity and 
nutrient concentration are infact strongly influenced the number bacteria 
and algae the cultures, which, turn, influenced temperature, deten- 
tion period, and duration light exposure. Even the influence temperature 
photosynthetic efficiency modified nutrient level and light duration. 
Numerous other first-order and second-order interactions among the variables 
could cited. Computation the root mean square the efficiencies for the 
corresponding levels the several variables Figs. and appears 
yield conservative estimate efficiency for comparable conditions out- 
door ponds. Another theory that efficiency increases direct proportion 
the product nutrient and culture concentration, and inverse proportion 
the product light intensity, light duration, and hydraulic detention period. 
However, these potential methods predicting efficiency remain open ex- 
perimental verification. 

spite the lack efficiency prediction equation, there little 
doubt that, with respect magnitude and the influence variables, results ob- 
tained these studies are applicable outdoor ponds. Published efficiencies 
for outdoor ponds” have generally been found torange between 10%, with 
most values the narrower range 7%. outdoor ponds, variations 
identical those foundin the growth units have been observed accom- 
pany the diurnal light-dark cycle, and bacterial oxidation was im- 
paired This was clearly demonstrated the occurrence increased 
BOD effluents which high pH. Ponds fed sewage with high BOD were 
found less subject variation than were ponds fed weak sewage. During 
heavy stirring, production oxygen ponds was found limited excess 
bacterial turbidity. Loss ammonia nitrogen starvation 
cells was observed due the excessive which usually occurred during 
long detention periods. Algal and bacterial concentrations ponds are similar 
quantity andappearance those growthunits, andefficiency has been found 
increase with culture depth diminishing light. Finally, chlorophyl levels 
the same order magnitude reported this study have been observed 
open ponds. Hence, there multiplicity evidence which indicates that the 
findings these studies are applicable outdoor ponds. 

considering the significance the findings this study applied de- 
sign growthunits ponds for the production oxygen algae, impor- 
tant recall that maximum production oxygen and organic matter per unit 
area does not necessarily occur with attainment the highest 
photosynthetic efficiency. fact, highest photosynthetic efficiencies usually 
are found when environmental conditions are such that only small quantity 
algae may grown. Under such conditions, spite high photosynthetic ef- 
ficiencies, some the experimental cultures did not produce sufficient oxygen 
meet the BOD the wastes which they were grown. 

designing for conditions which would give high photosynthetic efficiency, 
only light utilization maximized. But nutrients and land are economically 
important, and consequently these too should used their fullest capacity. 
Since may assumed that sunlight uniformly distributed, and since land 
costly commodity, necessary make full use sunlight energy and 
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therefore insure maximum efficiency order obtain maximum use land. 
algal concentration equal least two-thirds the sewage BOD must 
maintained the sewage oxygen demand met; but greatest recov- 
ery waste nutrients, essential grow algae the highest possible dry 
weight concentration commensurate with the nutrient content the waste. 
the greatestuse landon the one hand, and nutrients the other, 
maintained, necessary seek those design criteria for which the 
product the algal concentration and the photosynthetic efficiency, that is, cul- 
ture productivity, maximum (Eq. 16). 

Except for duration illumination, conditions favoring maximum productivity 
are frequently encountered and easily maintained the outdoor environment. 
For example, maximum productivity for light intensity intensity 
about calories per amount light which received outdoor pond 
(about in.) deep winter and (about in.) deep summer (37° 
North Latitude basis). The corresponding attainable efficiencies about 
represent, the average, production from tons organic matter 
and from tons oxygen per acre per yr. Assuming per capita con- 
tribution 0.20 BOD per day, acre pond operating efficiency 
would produce oxygen sufficient oxidize the wastes 800 1,300 persons. 
Each person would thus require from pond area exposed 
sunlight oxidize his wastes. These BOD loadings not represent the ulti- 
mate potential the process, but are values which are attained easily both 
these growth units and outdoor pilot plant studies.3 

There does not appear any factor which places unalterable limit 
the magnitude either the efficiency dry weight the cell material that 
can attainedin continuous cultures algae organic wastes. techniques 
can developed supply strong, fresh sewage other wastes containing 
maximum amount carbon dioxide and ammonia, andat the same time supply 
adequate light and tocontrol bacterial turbidity and pH, conversion efficiencies 
and dry weights two three times those measured the studies may attain- 
able. Thus there room for great improvement the already high rate 
waste stabilization and organic matter and oxygen production attained con- 
tinuous symbiotic cultures bacteria and algae produced sewage. 


SUMMARY AND CONCLUSIONS 


Over-all photosynthetic efficiencies attained green algae symbiotic 
culture with bacteria grown sewage were measured function algal 
species, carbon dioxide concentration, detention period, light intensity, light 
duration, sewage strength, and temperature. tests algal species, Chlam- 
ydomonas agloiformis was found exhibit the highest efficiency, with Chlorella 
pyrenoidosa, Scenedesmus obliquus, and Euglena gracilis, that order, exhib- 
iting lesser efficiencies. 

Under average conditions designed simulate the outdoor environment, and 
concentration carbon dioxide comparable that natural ponds (obtained 
using 0.045% carbon dioxide air), about the absorbed visible light-energy 
normally fixed algal cells; hence, about tons algae and 
tons oxygen can produced annually per acre pond. Under variable en- 
vironmental conditions, conversion efficiency varied inversely with light inten- 
sity, light duration, and detention period, and varied directly with temperature, 
sewage strength, and carbon dioxide concentration. The direct relationship 
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efficiency temperature persisted between 5°C and about 20°C, but above 
20° efficiency decreased result extraneous light absorption and short- 
age nutrients. 

The highest over-all conversion efficiency measured these studies was 
about 9%, which was attained light intensity calories per per min, 
detention periodof BOD 370 ppm, duration illumination 66%, 
and temperature 20°C. The light intensity calories per per min 
about equal the average intensity pond about deep winter about 

the factors limiting conversion efficiency algae grown sewage, 
inhibition bacterial growth and consequent inhibition carbon dioxide and 
ammonia production appeared most significant. some cultures, excess bac- 
teria absorbed light and decreased efficiency. correcting for light absorp- 
obtained several cultures. If, through basic engineering studies the com- 
plex interaction variables, modification the process control excess 
and turbidity can accomplished, efficiencies should attained regu- 
larly inhigh-rate ponds. However, values about 3.5% 4.0% efficiency appear 
conservative for use the design ponds operate under average environ- 
mental conditions. 
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ROLE PRICE THE ALLOCATION WATER RESOURCES* 


Discussion Harris Seidel 


HARRIS ASCE.—The author has made broad, objective 
analysis the price water this country; and the administrators price 
have been found wanting. Coming does from onetrained the disciplines 
economic and social values, this paper challenge those usually con- 
cerned only with fiscal utility values. 

This writer will not venture comment the economics water alloca- 
tion, but will rather confine his discussionto municipal water rates. has been 
well said that water rates are amazing with 
ceptions, rates and rate structures are fundamentally unsound.” This remains 
true despite the Joint which the preceding quotation appears, ex- 
cellent prepared the American Water Works Association, and con- 
tinuing educational efforts professional task groups. 

The unit measurement employed preponderance water utilities, 
the cubic foot, itself remarkable anachronism. With supply, pumping 
rates, treatment, storage, fire-fighting requirements, and other such rates and 
quantities almost entirely represented terms gallons, what obscure logic 
dictates that the customer billed cubic feet, which mystify and antagonize 
him 


Note.—This paper part the copyrighted Journal the Sanitary Engineering 
Division, Proceedings the American Society Civil Engineers, Vol. 86, No. 
July, 1960. 

January, 1960, Lawrence Hines. 

Director, Water and Sewage Treatment, City Ames, Iowa. 

«Fundamental Considerations Rates and Rate Structures for Water and Sewage 
Works,” Joint Report ASCE, Amer. Bar Assn., AWWA, NARUS, Munic. Finance Of- 
ficers Assn., FSIWA, APWA, and Investment Bankers Assn. Reprinted from Ohio State 
Law Journal, Spring, 1951. 

“Water Rates Manual,” Journal the Water Works Assn., New York, 
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From 1957 Iowa water utilities, (publicly and privately own- 
ed, large and small) emerged these interesting variations: 


Thetypical domestic water 600 ft) rangedfrom $1.08 
$3.90. 

The number steps single rate schedule ranged from 12. 

The selling price for water ranged from $1.12 per 100 0.04 per 
100 (the economics “4-cent” water would interesting behold). 

The last lowest step the rate schedule applied consumers the 
1,000 per month bracket one case and those using over 1,000,000 
per month the other extreme. 

the utilities, had had norate increase since the 1930’s earlier. 


Metering, the lack it, has important bearing water consumption, 
the author points out. Statistical work the writer tends support the 
rule-of-thumb that transition from non-metered fully metered status will 
half water demand. also appears that this not just temporary reaction, 
but that demand generally stable the reduced level. Perhaps not ac- 
curate say that water consumption has been radically affected but rather 
that water waste has been all but eliminated. 

Mention monthly current water rates value here. Pro- 
viding rate information for 127 water utilities across the country (again large 
and small, publicly and privately owned) this the best current data available 
today. 

Just over half these cities have raised rates within the last yr; over 
80% have done since 1951, some several times. Half all rate increases 
cited were the range 20% 35%, altough eleven cities reported boosts 
from 50% high 75% (may their tribe increase). 

part the respondents were asked water use was affected 
the most recent rate increase. This was particular interest tothe writer. 
seems inescapable that the price even such basic commodity water 
must affect its use. Yet, water rates increase, where would the typical 
household begin its campaign reduced consumption—by using less for sani- 
tary purposes? less frequent laundering? rationing its use 

probe this price-use relationship, the writer attempteda detailed statis- 
During this 5-year period, per capita water use generally rose about 10%. 
From reams tabulations came only two results; first, the firm conclusion 
that water use had increased almost universally, regardless rate changes; 
second, the scattered indication that water use may not have risen sharply 
where unusually stiff rate increases occurred. 

the 127 utilities included the American City survey, opin- 
ion whether not the recent rate increase affected water use; more 


Water Rates, Main Extensions, and Job Classifications,” 
Sect. Committee Report, Journal the Amer. Water Works Assn., Vol. 50, 1958, pp. 
375-384, 

Modern Water Rates—Parts I-XV, The City Magazine, Vol. and 75, Jan- 
1959-March, 1960. 

Survey Operating Data for Water Works 1945,” Journal the Amer. Wa- 
ter Works Assn., Vol. 40, 1948, pp. 167-260. 

Survey Operating Data for Water Works 1950,” Journal the Amer. Wa- 

ter Works Assn., Vol. 45, 1953, pp. 583-678. 
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stated that was too early judge. the remaining 85, replied affirma- 
tively, gave qualified yes (slightly, very little) and stated that water 
use was not affected. Surprisingly, this same ratio, out held true for 
those utilities reporting 40%, 50%, and even greater rate increases. Granted 
that these results represent poll opinion rather than strict statistical 
accounting evaluation, the outcome nevertheless interesting. 

The writer suggests that water rates are still low, and that habits wa- 
ter useare sufficiently stable consignthe adistinctly minor 
role influence domestic water consumption. 

his conclusion, the author suggests low, even subsidized water price 
for basic household sanitary requirements, beyond which realistic rates would 
take effect. This writer respects the socio-economic aspects this sugges- 
tion but would prefer see such experiment initiated utilities other than 
the one serves. Further, such provision diametrically odds with the 
principle substantial minimum chargefrom each customer, even 
for little actual water use, readiness-to-serve charge, which 
acknowledgment the continuing cost exactly that: readiness serve. 

For years the water industry has prided itself the low price its prod- 
uct; “water only cents per ton—delivered;” or, worse still, “water 
cheaper than dirt.” What unfortunate approach. Water not cheap. Water 
priceless. Without safe and adequate water supply, the modern community 
know would cease exist. 
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RUSSIAN WATER SUPPLY AND TREATMENT PRACTICES* 


ASCE.—The principle filtering upwards from the coarse 
through fine attracted the attention Soviet water engineers, in- 
dicated the contact clarifier given the paper. However, 
has the disadvantage that the media cannot too fine the surface 
will expanded the upflow. 

This has been overcome the development the biflow filter the Pam- 
filova Academy Municipal Economy; this filter referred the AKX 
filter. the AKX filter the draw-off pipe for filtered water located the 
upper layer sand, andraw water enters the filter from under the gravel base 
and from the sand surface and “biflow” established downwards through the 
top few inches sand and upwards through the bulk the graded bed. The 
bedis cleaned upwashin the normal manner except for supplementary up- 
wash for the top layer. Extensive details the theory, experimentation, de- 
velopment, and operation these AKX filters and contract clarification are set 
out Operational results indicate the contact clarifier equally 
effective (often superior) for the removal zooplankton and phytoplankton, 
conventional treatment plant, andaverage reduction (colony plate 
count) was about 71%, compared with 74% for normal filtration. The problems 
displacement the filter layers are dealt with commentary the ration- 
design the distributing system arrangement. using “suspended layer 
stabilizers” upwash rates per min give regular washing withno strata 
displacement. Table 5gives comparison the average operating character- 
istics contact clarifiers, AKX filters, and normal rapid filters. Costs 
construction and operation are given the same publication. 

Many existing filter plants have been reconstructed the AKX pattern, and 
practical details such reconstruction have been given 
The operational results sucha reconstructed AKX filter with normal rapid 
filter have been published His results are summarized 
Table The turbidity the AKX filtrate averaged per (silica scale) 
rising approximately per the end the run. 


Lecturer charge Pub. Health Engrg. Research, University College, London, 


“Contact Clarification for Water Purification,” Mints, Academy Muni- 
cipal Economy Pamfilova, Moscow, 1955. 


“Scientific Work, Information Sanitary Technology,” Academy Munic. Economy 
Pamfilova, 1951. 


Vodosnakzhemie Sanit. Techn. No. 10, 1956, 15. 
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TABLE 5.—COMPARISON AVERAGE OPERATING CHARACTERISTICS 
CONTACT FILTERS 


Contact 
Operation Clarifier filter 
(1) (3) 
Design filtration rate gpm per 
Maximum filtration rate gpm per 
Basic washwater rate per min 
Wash duration min 
Top layer washwater rate per min 
Top layer wash duration min 
Flushing rate through 
drainage pipes per min 
Flush duration min 
Initial filtrate 
waste duration min 
Time out operation min 
Filter run 


Operating cycle; run 


Mean annual coagulant 
dose (anhydrous salt) 


Mean annual lime dose 


Rate filtration gpm per 2.5 
Filtered water output per 135 
month 
Washwater used per 3.6 
month 
Washwater used 2.45 
Washwater rate, basic per min 20.5 
Washwater rate upper layer per min 
Wash duration, basic 4.5 
Wash duration, upper layer 
Washes per month 
Average filter run 24-50 
Comparative efficiency 100 
Initial head loss 1.6 


Final head loss 


TABLE KRUGLOV’S RESULTS 
Operation Units AKX Normal 

(2) (3) (4) 


DISCUSSION 103 


doubt following the Soviet work, Polish engineers have given ac- 
count® experimental work with contact clarification and have tabulated the 
results operation the contact clarifier. 

addition their very practical studies contact clarification and AKX 
filters, the Russians have made some interesting contributions filtration the- 
ory. The most outstanding these are Mints? and Ornatskii, 
Sergeyev, and These theories, together with those Mack- 
rle Brno, and Ives Harvard and London, represent the only rational 
theories the filtration suspensions through deep granular filters. 


“Share Individual Filter Layers the Water Purification Process the Surface 
Coagulation Method,” Glinicki Roman M., and Zakrzewski J., Woda Techn. 
Sanit. 30, 1956. 


“Kinetics the Filtration Dilute Aqueous Suspensions,” Doklady Akademii Nauk 
R., Vol. 78, 1951, 315. 


Study the Processes the Clogging Sand,” University Moscow pub- 
lication, 1955. 
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AUTOMATIC SYSTEM FOR MONITORING WATER 


ASCE.—The Sanitary Engineering Division Research 
Committee appreciates the opportunity review and comment the paper 
Mr. Parker and his associates. The Research Committee, hearing the 
development the monitoring system and recognizing its significance, request- 
the Lehigh University group prepare research report the members 
the Sanitary Engineering Division. 

Their paper significant contribution the literature stream sani- 
tation. They are congratulatedon most interesting and informative re- 
port subject great importance. represents actual progress toward 
the goal adequate data needed for proper evaluation stream water quality. 
Pollution-control authorities will welcome the news that workable method 
continuously monitoring dissolved-oxygen concentration last available and 
operation. 

The data recorded the Riegelsville monitoring station, shown Figs. 
and re-emphasizes phenomenon that has long been known but frequently 
forgotten. That the diurnal variation and dissolved oxygen (DO) re- 
sult photosynthesis. The charts show the weakness analysis ran- 
dom “grab” samples collected manually and evaluated the traditional oxy- 
gen-sag formula Streeter and Phelps. This formula does not account for 
the oxygen contributed phytoplankton, but assumes only atmospheric re-ox- 
ygenation across the air-water interface. The monitored oxygen data present- 
the charts add the growing evidence showing the need for modification 
the oxygen-sag formula. anticipated that recorders the type used 
Riegelsville will eventually provide the information needed for that modification. 


July, 1960, Twenty-Eighth Progress Report the Committee Sanitary Engineer- 
ing Research the Sanitary Engineering Division. 

Research Assoc., Dept. San. Engrg., The Johns Hopkins Univ., Baltimore, Md. 

Study the Pollution and Natural Purification the Ohio River, Factors 
Concerned the Phenomena Oxidation and Reaeration,” Streeter and 
Phelps, Pub. Health Service Bulletin No. 146, February, 1925, reprinted 1958. 
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PROCEEDINGS PAPERS 


The technical papers published in the past year are identified by number below. Technical-division 
sponsorship is indicated by an abbreviation at the end of each Paper Number, the symbols referring to: Air 
Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics (EM), Highway (HW), Hy- 
draulics (HY), Irrigation and Drainage (IR), Pipeline (PL), Power (PO), Sanitary Engineering (SA), Soil 
Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Waterways and Harbors 
(WW), divisions. Papers sponsored by the Department of Conditions of Practice are identified by the sym- 
bols (PP). For titles and order coupons, refer to the appropriate issue of “Civil Engineering.” Beginning 
with Volume 82 (January 1956) papers were published in Journals of the various Technical Divisions. To 
locate papers in the Journals, the symbols after the paper number are followed by a numeral designating 
the issue of a particular Journal in which the paper appeared. For example, Paper 2270 is identified as 


2270(ST9) which indicates that the paper is contained in the ninth issue of the Journal of the Structural 
Division during 1959. 


VOLUME (1959) 


JULY: 2079(HY7), 2080(HY7), 2082(HY7), 2086(SA4), 2087 

(SA4), 2088(SA4), 2089(SA4), 2090(SA4), 2091(EM3), 2093(EM3), 2094(EM3), 2095(EM3), 2096 
(EM3), 2099(EM3)°, 2100(AT3), 2102(AT3), 
2105(AT3), 2106(AT3), 2107(AT3), 2108(AT3), 2111(AT3), 
2125(AT3). 


AUGUST: 2126(HY8), 2128(HY8), 2129(HY8), 2130(PO4), 2131(PO4), 2132(PO4), 2133(PO4),2134 
(SM4), 2135(SM4), 2136(SM4), 2137(SM4), 


SEPTEMBER: 2146(HW3), 2147(HY9), 2148(HY9), 
2161(SA5), 2162(SA5), 2163(ST7), 2164(ST7), 2165(SU1), 
2169(WW3), 2170(WW3), 2172(WW3), 2173(WW3), 2175(WW3), 2176 


OCTOBER: 2190(AT4), 2191(AT4), 2192(AT4), 2193(AT4), 2194(EM4), 2196(EM4), 
2197(EM4), 2198(EM4), 2199(EM4), 2200(HY10), 2201(HY10), 2202(HY10), 2203(PL3), 2204(PL3), 2205 
(SM5), 2215(SM5), 2216(SM5), 2217(SM5), 2218(ST8), 2219(ST8), 2221(ST8), 2222(ST8), 2223 
(ST8), 2224(HY10), 2225(HY10), 2229(ST8), 2230(EM4), 
(PL3). 

NOVEMBER: 2241(HY11), 2242(HY11), 2243(HY11), 2244(HY11), 2245(HY11), 2246(SA6), 2247(SA6), 2248 
(SA6), 2249(SA6), 2250(SA6), 2251(SA6), 2252(SA6), 2253(SA6), 2254(SA6), 2255(SA6), 2257(ST9), 
2258(ST9), 2259(ST9), 2260(HY11), 2262(ST9), 2263(HY11), 2264(ST9), 2265(HY11), 2266(SA6), 
2267(SA6), 2268(SA6), 

DECEMBER: 2272(CP2), 2273(HW4), 2274(HW4), 2275(HW4), 2276(HW4), 2277(HW4), 2278 
(HW4), 2279(HW4), 2280(HW4), 2282(IR4), 2283(IR4), 2285(PO6), 2287 
(PO6), 2291(PO6), 2292(SM6), 2293(SM6), 2294(SM6), 2295(SM6), 2296 
(SM6), 2297(WW4), 2298(WW4), 2299(WW4), 2300(WW4), 2301(WW4), 2302(WW4), 2303(WW4), 2304(HW4), 
2305(ST10), 2308(ST10), 2310(HY12), 2311(HY12), 2312(PO6), 
2314(ST10), 2315(HY12), 2316(HY12), 2317(HY12), 2318(WW4), 2319(SM6), 2320(SM6), 2321(ST10), 2322 


(CP2). 


VOLUME (1960) 


JANUARY: 2332(EM1), 2333(EM1), 2334(EM1), 2335(HY1), 2336(HY1), 2337(EM1), 2338(EM1), 
2339(HY1), 2340(HY1), 2341(SA1), 2344(ST1), 2345(ST1), 2346(ST1), 2347(ST1), 
2350(ST1), 2351(ST1), 2352(SA1)°, 2354(ST1). 

2363(ST2), 2364(HY2), 2365(SU1), 2366(HY2), 2367(SU1), 2368(SM1), 2369(HY2), 2370(SU1), 2371(HY2), 
2373(SM1), 2374(HY2), 2376(HY2), 2378(SU1), 2379(SU1), 2380(SU1), 
2382(ST2), 2383(SU1), 2384(ST2), 2386(SU1), 2387(SU1), 2388(SU1), 2389(SM1), 

MARCH: 2393(IR1), 2394(IR1), 2396(IR1), 2397(IR1), 2398(IR1), 2399(IR1), 2400(IR1), 2401(IR1), 
2403(IR1), 2404(IR1), 2407(SA2), 2408(SA2), 2410(ST3), 2411 
(SA2), 2412(HW1), 2413(WW1), 2414(WW1), 2415(HY3), 2416(HW1), 2417(HW3), 
2420(WW1), 2422(WW1), 2423(WW1), 2424(SA2), 2427(ST3)°. 

APRIL: 2428(ST4), 2429(HY4), 2430(PO2), 2431(SM2), 2433(ST4), 2434(EM2), 2435(PO2), 2436 
(ST4), 2437(ST4), 2438(HY4), 2439(EM2), 2441(ST4), 2442(SM2), 2443(HY4), 2444(ST4), 2445 
(EM2), 2446(ST4), 2447(EM2), 2448(SM2), 2449(HY4), 2450(ST4), 2451(HY4), 2452(HY4), 2454 

MAY: 2460(AT1), 2461(ST5), 2462(AT1), 2463(AT1), 2464(CP1), 2465(CP1), 2466(AT1), 2467(AT1), 2468(SA3), 
2469(HY5), 2471(SA3), 2472(SA3), 2473(ST5), 2474(SA3), 2475(ST5), 2476(SA3), 2477(ST5), 2478 
(HY5), 2479(SA3), 2480(ST5), 2481(SA3), 2482(CO2), 2483(CO2), 2484(HY5), 2485(HY5), 2487 

TUNE: 2494(IR2), 2495(IR2), 2497(EM3), 2498(EM3), 2499(EM3), 2500(EM3), 2501(SM3), 2502 
2505(EM3), 2506(HY6), 2507(WW2), 2508(PO3), 2509(ST6), 2510(EM3), 2511 
2512(ST6), 2514(HY6), 2515(PO3), 2516(EM3), 2517(WW2), 2518(WW2), 2519(EM3), 2520 
(PO3), 2521(HY6), 2522(SM3), 2523(ST6), 2526(HY6), 2527(IR2), 2528(ST6), 2529 
(HW2), 2530(IR2), 2531(HY6), 2533(HW2)°, 2534(WW2), 

2550(SU2), 2551(HY7), 2552(ST7), 2553(SU2), 2554(SA4), 2555(ST7), 2556(SA4), 2558(SA4), 

c. Discussion of several papers, grouped by divisions. 
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NEW VISTAS SANITARY ENGINEERING 


“Something old, something new --- something borrowed, something blue.” 

recent issues have twice brought you something new sanitary en- 
gineering. Reversing the order, now bring you something old, and --- 
engineers (most) something very, very blue --- the art, science 
technical writing. 

When your Editor graduated from college, eminent engineering editor 
gave the address. His advice --- all technical meetings, listen care- 
fully and attentively --- read all professional journals, carefully and thor- 
oughly --- THEN --- “Go thou, and 

Hoping that efforts are ofttimes rewarded --- even small measure --- 
asked scholarly professional the field technical writing prepare 
list books and pamphlets, which cover the subject concisely and well. 
reproduced below. Dr. Israel Light the Office Engineering Re- 
sources, Public Health Service, Washington, C., our thanks for leading 
“blue” subject. 


American Society Civil Engineers. Technical Publications Handbook. 
ASCE, 1956. pp. 


Blickle, Margaret D., and Houp, Kenneth Reports for Science and Industry. 
Holt Co., New York, 1958. 320 pp. 


Bull, John, and Williams, Cecil Report Writing. Ronald Press, 1955. 407 
Pp- 


Burch, George Publishing Scientific Papers. Greene &Stratton, New 
York, 1954, pp. 


Burke, Virginia Newsletter Writing and Publishing Practical Guide. 
Bur. Pubs., Col. Univ., 1958. 113 pp. 


Collison, Indexes and Indexing. John DeGraff, Inc., New York, 1953. 
155 pp. 


1960-23 part the copyrighted Journal the Sanitary Engineering 


Division, Proceedings the American Society Civil Engineers, 86, No, 
July, 1960, 
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Cross, Louise The Preparation Medical Literature, Lippencott, 1959. 
451 pp. 


Davidson, Henry Guide Medical Writing. Ronald Press, New York, 
1957. 338 pp. 


Emberger, Meta R., and Hall, Marian Scientific Writing. Harcourt, Brace, 
New York, 1955. 468 pp. 


Fishbein, Morris. Medical Writing: The Technic and the Art. 2nd Ed. Blak- 
iston, Philadelphia. 292 pp. 


Fry, and Kortendick, Rev. (eds.) The Protection and Use Tech- 
nical Reports. Catholic University America Press, 1955. 175 pp. 


Hewitt, Richard The Physician-Writer’s Book .Tricks the Trade 
Medical Writing. Saunders Co., Philadelphia, 1957. 415 pp. 


Jordan, and Shepard, for Medical Writing: Useful Guide 
Principles and Practice Effective Scientific Writing and Illustration. 
Saunders, Philadelphia, 1952. 112 pp. 


Loney, Briefing and Conference Techniques. McGraw-Hill, New York, 
1959. 194 pp. 


McCartney, Eugene Recurrent Maladies Scholarly Writing. Ann Arbor, 
Michigan Press, 1955. 141 pp. 


McCloskey, James. Industrial Journalism Today: Editoral Policy and Con- 
tent. Harpers, New York. 1959. 


Nelson, Writing The Technical Report. McGraw-Hill, New York, 1947. 
388 pp. 


Piper, Henry and Davie, Frank Guide Technical Reports. Rinehart 
&Co., New York, 1958. pp. 


Schramm, Wilbur. Responsibility Mass Communication. Harper, New 
York, 1957. 391 pp. 


Singer, (Editor). Information and Communication Practice Indus- 
Reinhold, New York, 1958. 304 pp. 


Trelease, Sam The Scientific Paper: How Prepare It, How Write It. 
Williams Wilkins, Baltimore, 1951. Ed. 163 pp. 


Weil, (Editor). The Technical Report: Its Preparation, Processing, 
and Use Industry and Government. Reinhold, New York, 1954. 485 pp. 


DID YOU KNOW THAT- 


Robert Phillips has joined the Sanitary Engineering Research staff, 
Washington State University microbiologist. His initial assignment 
concerned with the problem Sphaerotilus natans food cannery waste water. 


Leo Weaver, former assistant director the American Public Works asso- 
ciation, Chicago, has been appointed Chief the Water Quality Section the 
Public Health Service’s Robert Taft Sanitary Engineering Center 
Cincinnati. The Water Quality Section, unit the PHS Division Water 
Supply and Pollution Control, operates the National Water Quality Network. 
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Dr. Adams Dow Chemical Company, Midland, Mich., has been 
elected chairman the Manufacturing Chemists’ Air Pollution 
Abatement Committee. 


Thompson Union Carbide Corporation, South Charleston, Va., 
the new vice chairman, succeeding Elmer Wheeler Monsanto Chemi- 
cal Company, St. Louis, Mo. Mr. Thompson serves also chairman the 
Association’s Water Pollution Abatement Committee. 

The 88-year-old MCA represents more than per cent the chemical 
production capacity the Its Air Pollution Abatement Committee was 
formed 1949 disseminate information designed help the industry with 
its air pollution problems. 


Dr. Andre Roussel, Joint Director the National Institute Hygiene, 
Paris, France, visiting the for five months “Eisenhower Ex- 
change Fellow.” Dr. Roussel, who specialist pulmonary diseases, 
very much interested the problem atmospheric pollution relation 


public health, and here for the purpose learning about the air pollution 
the United States. 


Jack Smith, civil engineering student Oregon State College, has been 
awarded the AWWA Jordan Scholarship $1500, and will pursue graduate 
program sanitary engineering Oregon State next year. 


HYDRAULICS AND SANITARY ENGINEERING SECTION FORMED 


The Central Pennsylvania Section the American Society Civil Engi- 
neers has established Hydraulics and Sanitary Engineering Division. The 
organizational meeting was held May 19, 1960: Mr. Walter Lyon, Di- 
rector, Division Sanitary Engineering, Pennsylvania Department Health, 
was elected Temporary Chairman. 

simple statement organization and objectives was approved. Meetings 
the Division are planned during the months July, September, November, 
January, March and May. was agreed that the emphasis the regular 
meetings would technical seminars which current problems would 
discussed. 

The next meeting the Division will devoted technical seminars 
the development theoretical droughts various frequencies. The usability 
this information for water supply storage and requirements for waste ef- 
fluents will also discussed. Officers will elected this meeting. 


* * 
Water Supply Pollution Control 
* 


WATER QUALITY MANAGEMENT 


“The backlog unsolved water pollution problems and the new problems 
that are developing make abundantly plain that major scientific research 
effort urgently needed. Research takes time and perhaps time now more 
critical than money.” 

This urgent appeal for the redoubling research efforts develop new 
waste treatment methods runs theme song through report recently re- 
leased the Senate Select Committee National Water Resources. The 
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report, entitled “Water Quality Management,” was prepared for the Commit- 
tee the Public Health Service. 

While the need for research given primary emphasis throughout the re- 
port, the need for large expenditures money for conventional waste treat- 
ment methods not ignored. our nation’s rivers and lakes are yield 
adequate supply usable fresh water for our needs the immediate future, 
the following financial figures are listed: municipalities will have 
total $4.6 billions merely catch with treatment needs 1965; elim- 
inating the backlog needed industrial waste treatment needs will require ex- 
penditures averaging $575 $600 millions year. against these expendi- 
tures, the report notes that research expenditures total less than millions 
year, and concludes: “This seems exceedingly small sum when compared 
the large backlog unsolved problems and the rapidly multiplying new 
ones.” 

The need for research has become compelling simply because are 
rapidly running out fresh water, even develop the full potential our 
water sources. The report estimates that our total withdrawals fresh water 
for all purposes will almost equal developable supplies the year 1980, and 
may almost double the available water the year 2000. 

The above statement should perhaps clarified. The statistics quoted 
not mean that our streams, lakes, and reservoirs will run day sometime be- 
tween 1980 and 2000. What meant that the near future all our available 
water will soon have reused, most instances many times over again. 
Hence the emphasis “Water Quality Management.” When can longer 
improve the quantity our available fresh water must improve its 
quality. 

One the standard ways managing the quality our waters pro- 
vide more storage and release “dilution water” mingle with waste dis- 
charges and restore the water acceptable quality levels. The statistics 
quoted above demonstrate clearly that while this method has considerable 
past, has only limited future. 

Another standard method water quality management utilize the 
known sanitary engineering techniques for removing pollution from our waste 
waters. While great deal work has been done recent years the con- 
struction remedial works, this construction has not begun keep with 
our needs. The report makes the following comment: 


“The only time when construction sewage treatment facilities kept 
with sewer construction this country was during the Federal public 
works programs the 1930’s. Before that time, and since, the number 
persons served sewers increased much more rapidly than the num- 
ber served sewage treatment facilities. The construction indus- 
trial waste treatment facilities has never kept with the increase 
the number industrial sewer outlets nor the increase production 
wastes. large backlog needed sewage and industrial 
waste treatment construction has accumulated through the years.” 


What distinguishes the current report Water Quality Management from 
most other reports water supply and pollution control that does not 
stop with underscoring the need for coordinated programs conserve all 
available fresh water supplies and provide complete treatment polluting 


wastes. Instead, looks ahead the day when this will happen uncomfort- 
ably close hand. 


4 
4 
3 
7 
ar 
4 
1 
= 


ASCE Sanitary Engineering Division 


That where the over-riding emphasis research needs comes into the 
picture. The following paragraphs sum the case: 


“Water supply and pollution trends show that one the most press- 
ing problems water quality management the need develop new 
treatment processes which will remove more the contaminants from 
municipal wastes than are able present methods. Present 
treatment methods now remove only percent, each, the sus- 
pended solids and the biochemical oxygen demand, called the BOD, 
domestic sewage. Little the total nitrogen and phosphorus remov- 
ed; their availability for stream fertilization and algae growth actu- 
ally increased. Because these deficiencies present treatment 
methods, large quantities water must available dilute and trans- 
port the residual wastes after treatment sewage, and when not 
available, serious pollution problems result. 

“Unless new methods treatment are discovered, the volume, 
strength and complexity future municipal wastes can only result 
the discharge larger and larger amounts impurities into badly 
needed water resources. illustration, Chicago, with modern 
treatment facilities, pours the Illinois Waterway waste waters which 
have pollution effects equivalent the discharge sewage from about 
one million persons and contains solids-natural and synthetic, organic 
and mineral-amounting about 1,800 tons per day. 

ultimate solution. .will require increase our know- 
ledge how remove much more the contaminants from metropol- 
itan wastes, particularly those which remain solution following ex- 
isting so-called complete treatment. this, must develop new 
treatment processes, probably based entirely new concepts and princi- 
ples, that will achieve what approaches conversion waste waters 
fresh water. This will require major coordinated research program 
which must utilize the best minds the country and able attract 
physicists, physical chemists, hydrologists, economists, and devotees 
other disciplines whose skills have not, now, been fully utilized 
water pollution research.” 


Chicago singled out here not because exceptionally bad example, 
but because singularly good example. Its modern sewage treatment sys- 
tem provides over pollution much any large city 
happen know of, and good deal better than most. And yet Chicago seri- 
ously polluting its waterways. Further dilution Chicago’s highly treated 
effluents pumping water from Lake Michigan would provide immediate re- 
lief, but the eventual danger seriously lowering Lake levels makes that ac- 
ceptable only temporary expedient. 

“Complete” treatment wastes for our major cities, plus total utilization 
developable dilution water, obviously not the final answer our future 
water problems. The next question is, where from here? isa 
question that science cannot leave unanswered much longer. 


HEALTH RESEARCH INSTITUTE GRANT FOR WASTES STUDY 


The newly organized Massachusetts Health Research Institute Incorporated 
has launched its program extensive research into all areas public health 
and announces that $3500 grant for the study treatment liquid organic 
wastes modified activated sludge treatment process has been made. The 
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investigation being made Ross McKinney, Professor Sanitary Engin- 
eering the Massachusetts Institute Technology, the 
Division Sanitary Engineering and Lawrence Experiment Station the De- 
partment. 

Under the industrial waste research program the New England Interstate 
Water Pollution Control Commission, which made the grant possible, 
agreement was made with the Massachusetts Research Institute for project 
study so-called “package” plants for the treatment liquid organic wastes 
modified activated sludge process. Many these plants are being in- 
stalled small military establishments, schools, institutions, housing devel- 
opments, villages and industries. The purpose this project primarily 
develop manual for starting and operating small activated sludge waste 
treatment plant, and incidentally establish design criteria and determine 
operating efficiencies such plants. 

The Massachusetts Research Institute Incorporated was organized May 
1959 charitable and non-profit corporation facilitate and strengthen 
the research programs the Department Public Health and foster the 
development new research areas. 


REPORT POLYTHENE PIPE RESEARCH 


The Water Research Association Surrey, England has been conducting 
studies the mechanical and physical properties polythene plastic pipe. 
According their “Water Research News” February, estimated that 
3,000 miles polythene piping used throughout the United Kingdom for con- 
veying public water supplies. More than half the pipe use used for ag- 
ricultural supplies while the rest for domestic supplies. 

Because the crystalline and amorphous phases the material which oc- 
cur simultaneously has been difficult predict the service life polythene 
pipe. has been shown that the visco-elastic strain logarithmically related 
the time the applied stress. The Water Research Association states that 
appears possible that this relationship may provide the clue the theoret- 
ical prediction the life the pipe from the characteristics the plastic 
material. 

technical publication, “Present Knowledge Concerning the Mechanical 
Properties Polythene used Water Supply” (T. 10), print. 

Inquiries should made the Water Research Association. Linkfield 
Lane, Redhill, Surrey, England. 


CONFERENCE INTERSTATE POLLUTION THE COLORADO RIVER 


Recently representatives the State Health Departments Colorado, Utah, 
Arizona, Nevada, California, New Mexico and Wyoming met with representa- 
tives the Public Health Service discuss pollution the Colorado River. 
The conferees concluded that although the Colorado River and its tributaries 
fall under the jurisdiction the Federal Water Pollution Control Act, was 
too early determine specifically the occurrence pollution, adequacy 
abatement measures and the nature delays the abatement pollution. 
Therefore, the conference recommended that further study made deter- 
mine the effects domestic and municipal wastes, various industrial wastes, 
agricultural insecticides, toxic chemicals and radioactive wastes. The Public 
Health Service will draw plan for this survey and will conducted 
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jointly with the interested states. was further agreed that the conference 
would reconvene not later than April, 1961 evaluate progress. 


RAPID METHOD FOR PLANT EFFLUENT ANALYSIS 


The General Motors Corporation has developed method for the determin- 
ation metals waste effluents using “marriage” chemistry and spec- 
troscopy. The method for metals follows: Samples, adjusted 
with hydrochloric acid, are submitted plastic containers. 

100 portions each sample are placed clean 150-ml beakers with 
nitric acid, hydrochloric acid, and lithium nitrate solu- 
tion. The solutions are evaporated just dryness—without baking. The beak- 
ers containing the dried salts are then taken the spectrographic laboratory 
where hydrochloric acid mixed with the salts. One drop this 
placed shallow cup 1/4 inch center post High Purity Electrode and ex- 
cited for seconds with arc using conical tipped counter electrode. 
The spectrograph L.’s two meter instrument with the 36,000 lines per 
inch grating. 2mm gap used and micron slit setting. Synthetic 
standards are run with the same procedure that working curves can pro- 
duced using the ratios element line intensities versus that the internal 
standard lithium line. The ratios obtained from the samples are then plotted 
these curves obtain element concentrations. 

Another sample must obviously obtained for such things cyanide, oil, 
and values because the addition acid the first sample. These are 
obtained chemical procedures. 

For further information the above contact Mr. David Milne, Pro- 
duction Engineering Section, General Motors Corporation, Box 128, 
Detroit Michigan. 


ORSANCO REPORTS BARGE TRANSPORT CHEMICALS 


More adequate safeguards against water pollution hazards associated with 
barge transport chemicals are recommended report inquiry con- 
ducted instruction the Ohio River Valley Water Sanitation Commission. 

Adoption appropriate safeguards against accidents dangerous and tox- 
chemical cargoes barges “commands attention” navigable rivers used 
for water supply, the report the Commission emphasizes. “Accidents in- 
volving loss chemical cargoes may jeopardize the welfare entire 
community,” the report points out. 

The report recommends that all parties concerned made aware the 
potential hazards and given responsibilities for reporting accidents and taking 
remedial action event accidents. Parties mentioned include: the 
Coast Guard, water pollution control agencies, the Corps Engineers, 
tow-boat pilots, lockmasters, marine insurance underwriters, municipalities 
and industries, and the American Waterways Operators Association and its 
members. 


FISH KILL STUDY BEGINS 


Surgeon General Leroy Burney announced that Public Health Service 
will begin nationwide system reporting the frequency and locations fish 
killed pollution. 

making the announcement, Dr. Burney said that had written all 
State fish and game conservation agencies, asking them provide continuing 
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reports fish killed pollution these occur the Nation’s rivers, lakes, 
and coastal waters. Reports will made directly the Public Health Ser- 
vice Washington. Upon receipt, copies will made available the Fish 
and Wildlife Service the Department Interior which cooperating the 
project. 

This the first time that national tabulation the numbers fish kills 
has been undertaken. 

The Public Health Service will publish quarterly and annual fish 
kills, listing numbers, locations, and causes, when known. Reports will 
distributed the cooperating agencies, organizations, and individuals who re- 
quest them. 


PUBLICATIONS AVAILABLE FROM THE CHLORINE INSTITUTE 


The Chlorine Institute annually issues list, “Available Publications and 
Drawings,” October that lists pamphlets, reprints and drawings having 
with the production and use Chlorine. The list and single copies the sep- 
arate items (partial listing below) may obtained gratis from the Chlorine 
Institute, Inc., 342 Madison Avenue, New York 17, New York. 


“CHLORINE pp. (3rd Ed., 1959) 

Contains basic information including properties and physiological ef- 
fects chlorine, description and rules for handling chlorine contain- 
ers, emergency measures and first aid, and chemical and physical 
constants. 

(50¢ ea.) 
special price applies orders for 500 more. 


“RECOMMENDED SPECIFICATIONS FOR STATIONARY CHLORINE 
STORAGE pp. 

Journal American Water Works Association, 46:11 (November 1954)— 
Discusses hazards and safety considerations connection with station- 
ary storage tanks for chlorine; contains references design tanks 
and supply sources for valves and appurtenances; lists some consider- 
ations operating and maintaining bulk storage installations. 

(10¢ ea.) 


10. “NORTH AMERICAN MANUFACTURERS CAUSTIC SODA, CHLORINE, 
HYPOCHLORITES AND SODA ASH AND REPACKAGERS 
pp. (revised annually) 
Lists plants the United States, Canada, Cuba and Mexico; also lists 
type cell used and packages loaded each location. 
(25¢ ea.) 


17. “THERMAL PROPERTIES pp. 
Ziegler, Chemie-Ingenieur-Technik, 22, 229, 235 (1950). survey 
the data thermal properties chlorine and presentation selected 
values. Includes Mollier diagram and bibliography. (Translated 
English The Chlorine Institute, Inc.) 
(25¢ ea.) 
20. “CHLORINE AND ALKALI PRODUCERS THE UNITED STATES AND 
CANADA” 


Map the United States and Canada showing locations chlorine 
plants. 
(05¢ ea.) 
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Kapoor and Martin, University Michigan Press (1957). 
Thermodynamic tables for chlorine calculated electronic com- 
puter. Properties saturated liquid, saturated vapor, and superheated 
vapor from -130°F. 540°F. Includes Pressure-Enthalpy diagram and 
Temperature-Entropy diagram. 
($2.40 ea.) 
“MEMORANDUM LITERATURE PHYSIOLOGICAL EFFECTS 
pp., (1950). 
Cranch, M.D. Summary annoted references categorized five 
groups relative utility sources authoritative information. 
(15¢ ea.) 


“DISINFECTION PUBLIC SWIMMING pp. 
Edmund Laubusch, Public Works, 89:6 (June 1958). Summarizes 
State regulations recommendations relative chlorine disinfection 
requirements, operating residual levels, and safety control. 
(05¢ ea.) 


“THE EFFECT CHLORINE WATER ENTERIC 
pp. Sally Kelly and Wallace Sanderson, American Journal Public 
Health, 48:10 (Oct. 1958). Gives results studies the inactivation 
polioviruses. Coxsackie and other enteric viruses water free 
chlorine. 

ea.) 


“CHLORINATION GUIDE, PART CHLORINATION pp. 
Edmund Laubusch, Water and Sewage Works, 105:10 (Oct. 1958). 
The first series six reports fundamentals chlorine pro- 
cesses, dealing with historical development water chlorination, 
chlorination theory, chemical and biological effects, free and combined 
residuals, factors influencing disinfection, and points application 
water treatment and distribution systems. 


(10¢ ea.) 

“STATE PRACTICES SEWAGE pp. 
Edmund Laubusch, Sewage and Industrial Wastes, 30:10 (Oct. 1958). 
Summarizes state regulations recommendations the uses chlo- 


rine for disinfection sanitary and industrial waste treatment proces- 
ses. 


(05¢ ea.) 


“CHLORINATION GUIDE, PART II: CHLORINATION WASTE WATER” 
pp. Edmund Laubusch, Water and Sewage Works, 105:12 (Dec. 
1958). The second series six reports fundamentals chlo- 
rine processes, dealing with historical development the use chlo- 
rine for disinfection and other purposes waste treatment plants, and 
review influencing factors and current operating practices pertain- 
ing these uses. 


(10¢ ea.) 


“CHLORINATION GUIDE, PART CHLORINE HANDLING AND 
pp. 


Edmund Laubusch, Water and Sewage Works, 106:2 (Feb. 1959). The 
third series six reports the fundamentals chlorine 


ASCE 
4 
© 
27. 
28. 
29. 
= 
30. 
; 

3 1 . 


1960-23--10 July, 1960 


processes, dealing with principles and technics handling and storage 
that are especially applicable sanitary treatment facilities. 
(10¢ ea.) 
32. “CHLORINATION GUIDE, SAFETY CHLORINE HANDLING” 
pp. Edmund Laubusch, Water and Sewage Works, 106:4 (April 
1959). The fourth series six reports the fundamentals 
chlorine use, including discussion leak detection and control, per- 
sonal respiratory protection and first aid. 
(10¢ ea.) 
33. “CHLORINATION GUIDE, PART CHLORINE FEEDING EQUIPMENT” 
pp. Edmund Laubusch, Water and Sewage Works, 106:6 (June 
1959). The fifth series six reports the fundamentals chlo- 
rine processes, dealing with application chlorine and including con- 
sideration the features number proprietary chlorine feed de- 
vices. 
(10¢ ea.) 
34. “CHLORINATION GUIDE, PART VI: CHLORINATION CONTROL”--6 pp. 
Edmund Laubusch, Water and Sewage Works, 106:8 (August 1959) 
The last series six reports the fundamentals chlorine pro- 
cesses, dealing with chlorine dosage and residual testing procedures 
and the mechanics and technics which chlorination control accom- 
plished. 
(10¢ ea.) 
35. “TYPES AND LOCATION CHLORINE EMERGENCY KITS NORTH 
pp. 
(First issue, April 1959) 
Alphabetical arrangement location and identity chlorine emergen- 
kits for cylinders, ton containers, tank cars and barges. 
(25¢ ea.) 
36. “HOW SAFE YOUR CHLORINE pp. 
Edmund Laubusch, Public Works, 90:2 (Feb. 1959). review the 
effect chlorine various enteric bacteria, viruses, and other or- 
ganisms sanitary significance. 


(10¢ ea.) 
37. “STATISTICAL SUMMARY SEWAGE CHLORINATION PRACTICE 
THE UNITED pp. 
John Thoman and Kenneth Jenkins, Sewage and Industrial Wastes. 
30:12 (Dec. 1958). Data for 1957 showing number plants and esti- 
mated population served for various types chlorination facilities; 
data arranged states, population groups and major drainage basins. 
(05¢ ea.) 


RECENT PENNSYLVANIA COURT DECISIONS 


Two recent decisions Pennsylvania courts are considered benefit the 
Clean Streams program that State. both cases, local residents had sought 
block progress toward construction sewerage treatment facilities, but the 


The charge listed applies single copies these items, 


ie 
ig 9 
3 
\ 
ee 
| 
4 


Sanitary Engineering Division 1960-23--11 


courts dismissed the petitions for injunctions that would have stopped work 
the facilities. 

The Pennsylvania Supreme Court (Eastern District) its April 26, 1960 
decision said, part: 


“Courts should loathe interfere with control the performance 
the duties such municipal officials; fraud, official misconduct, arbi- 
trary and capricious abuse power discretion municipal officials 
alone justify judicial intervention.” 


Dr. Wilbar, Jr., State Health Secretary and Sanitary Water Board 
Chairman, said “The importance these decisions the Clean Streams pro- 
gram cannot overemphasized. effect, they make short shrift attempts 
individuals hamper legitimate exercise municipal powers, especially 
the case providing adequate sewage treatment facilities, required 
the law. Without the strength these court decisions, sewage treatment fa- 
cility construction could seriously hampered irresponsible actions 
private parties.” 


WASTE AND WATER PROGRESS FLORIDA 


The Florida State Board Health reports that the end 1959 sewage 
collection systems were serving 50.5 per cent the population and treatment 
plants built approved will soon increase this total per cent. Drainage 
well permits numbering 263 were issued permit disposal waste water 
through underwater channels. these, 122 were for receiving waste water 
from closed air conditioning systems, for lake level and surface control, 

for drainage from swimming pools and for other purposes. Only one 
city, Live Oak, continuing dispose raw sewage means drainage 
well. 

The plans for 948 water plant facilities were checked which included public 
water supplies for houses, industry and swimming pools. Much this was for 
expansion present plants and indicates increase more than 139 million 
gallons per day added present water supplies. Checking and testing new 
wells continued with almost per cent more new wells being approved 1959 
than were approved 1958. 


PESTICIDE COORDINATION BILL INTRODUCED CONGRESS 


new legislative proposal providing for advance consultation with federal 
and state wildlife agencies before federal agencies can initiate finance 
chemical pesticide programs has been introduced the House Representa- 
tives the 86th Congress Congressman Leonard Wolf (Iowa). 

The bill, known the “Chemical Pesticides Coordination Act,” has been 
referred the House Committee Merchant Marine and Fisheries. 
H.R. 11502. patterned somewhat upon principles the Coordination Act, 
which requires that measures for mitigation losses and enhancement Fish 
and Wildlife values planned into federal water development projects. 
provides that: “No officer agency the Federal Government shall initiate, 
provide any financial other assistance for, any program involving the use 
any chemical insecticide, herbicide, fungicide, rodenticide, other chemi- 
cal used biological control until such officer agency has consulted with 
the Fish and Wildlife Service and with the head the agency exercising 
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administration over the wildlife resources each State affected the 
program.” 


WATER DEMAND ELECTRIC INDUSTRY 


How provide water totaling 2-1/3 times the average flow the Missis- 
sippi St. Louis quench the king-size thirst steam powerplants will develop 
1980 one the major questions posed the Senate Select Committee 
National Water Resources. 

Reports released Senator Robert Kerr, Oklahoma, Committee 
Chairman, indicate the steam-electric plants will require some 260 billion 
gallons water more per day—over times present use—to meet sky- 
rocketing power demands years from now. This almost half the 600 bil- 
lion daily the expected using then, figure which some 
engineers believe approaches the ceiling the amount water that can 
made available under present techniques development. 

Both the Federal Power Commission and Edison Electric Institute respond- 
the Committee’s request for estimates national power demands 
1980. FPC placed the figure 388,780 thousand kilowatts peak capacity, 
while EEI thought would percent higher, 501,000 thousand kilowatts. 
The 1959 peak was 129,000 thousand kilowatts. 

another report, the American Public Power Association advised that un- 
derestimating future power needs would adversely affect water resources de- 
velopment. asserted past experience justifies use power growth rate 
percent per year estimating future needs, which almost double the 
growth rate estimated FPC, and 1-1/2 times that estimated 

FPC estimated that 290 million acre-feet (95,000 billion gallons) annually 
would needed steam-electric plants 1980. comparison, this 
2-1/3 times the 127 million acre-foot average annual flow the Mississippi 
St. Louis. 

Both FPC and EEI expect most the country’s power continue coming 
from steam plants. FPC thinks the figure will triple from 127 million kilo- 
watts (1958) 379 million 1980. believes hydroelectric generation will 
jump from million kilowatts over million. EEI predicts investor- 
owned steam plants will quadruple output, but that hydroplants will only double. 

FPC made guess nuclear power development 1980, but EEI con- 
siders after extensive study will account for only percent (38,000 mega- 
watts) investor-owned capacity then. Water requirements atomic 
plants are about the same for regular steam plants. 


NATIONAL POLLUTION CONFERENCE SCHEDULED 


national conference water pollution has been called Secretary 
Health, Education, and Welfare Arthur Flemming and Surgeon General 
Leroy Burney for December 12-14, 1960. The meeting, expected attract 
1,000 people, will held the Sheraton-Park Hotel. 

“Problems and Progress Water Pollution Control” will the theme 
the conference. 

The conference has been called response President Eisenhower’s di- 
rective Feb. 22, 1960, contained his veto message H.R. 3610. rec- 
ommended calling meeting government officials all levels together with 


interested organizations concerned with any aspect pollution the nation’s 
watercourses. 
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The conference will seek assess the status the water pollution prob- 
lem related present and anticipated water needs, pinpoint barriers 
blocking progress pollution abatement, and reach agreement wherever 
possible methods and means for solving problems. 

Dr. Burney announced the appointment Frank Butrico, chief the Office 
Engineering Resources for the Public Health Service, full-time 
executive-secretary the conference. One his first tasks will assist 
the development program for the conference. 


STORAGE GROUND WATER BEHIND SUBSURFACE DAMS COLUMBIA 
RIVER BASALT 


Supplemental water may available places the Columbia Plateau 
development and use ground water that has become impounded behind fault 
zones the basalt underlying many semiarid stream valleys Oregon, Wash- 
ington, and northern Idaho, according report released the Department 
Interior. 

some areas where the layered flows the lava have been inclined val- 
leyward, ground water stored under artesian pressure. Where the tilted 
strata have been crosscut shearing along faults sharp folds, ground water 
has been dammed. valley areas few these aquifers ground-water 
reservoirs have been used extensively and others have been partially devel- 
oped. Many more may available uninhabited terrain. 

Testing these reservoir systems may prove that another source water 
available supplement the flow some streams during the late summer 
and autumn when additional water badly needed for irrigation, public supply, 
and other uses. Off-season precipitation and streamflow are expected re- 
plenish the ground-water reservoir annually. Proper location, construction, 
and operation wells will necessary gain permanent benefits this 
natural water-storage phenomenon. 

Pending publication water-supply paper the Geological Survey, open 
file copies the report, “Storage Ground Water Behind Subsurface Dams 
the Columbia River Basalt” Newcomb, are available for reference 
offices the Geological Survey Washington, and many its offices 
the Pacific Northwest. 


WASTE TREATMENT CONSTRUCTION EXCEEDS BILLION UNDER 
660 


the end February, 1960, the construction value waste treatment 
projects aided provisions the Federal Water Pollution Control Act 
lic Law 660) exceeded the billion figure, according the Department 
Health, Education, and Welfare. the end the period, 2,048 grant offers 
totalling $171.8 million were made support construction costing $1,001,877, 


161. The total includes 900 projects completed, 599 under construction and 
549 applications process. 


ILLINOIS SANITARY ENGINEERING CONFERENCE 


Radiological Aspects Public Water Supplies was the subject the Second 
Sanitary Engineering Conference held Urbana, Illinois January and 28, 
1960. This was the second series annual conferences sponsored jointly 
the Department Civil Engineering the University Illinois and the Di- 
vision Sanitary Engineering the Illinois Department Public Health. 
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The two-day program included discussions the nature radiation and 
radioactive matter, the fate radioactivity the water courses the coun- 
try, and methods detecting the presences and removing radiosotopes from 
water. The monitoring programs being conducted various state 
and municipal agencies protect the public health were also discussed. The 
speakers were authorities the field radiological health. Proceedings 
the conference are being published and limited will available from 
the Department Civil Engineering, University Illinois, Urbana. 


RECREATIONAL USE WATER PROJECTS RISES 


Attendance recreational areas water resource projects the 
Army Corps Engineers expanded significantly 1959 and reached new 
all-time high 106,500,000. 

1958, the attendance was 94,800,000. 1950, the attendance was only 
16,000,000, revealing spectacular increase. 

Thirty-two projects has attendance exceeding 1,000,000 each. Lake Tex- 
oma, the Red River between Oklahoma and Texas, continued the project 
with the largest individual attendance, 6,736,000. The Upper Mississippi 
navigation project was second with 6,656,000 while Lake Sidney Lanier, the 
Chattahoochee River Georgia, was third with 4,906,000. 


SALINE WATER CONVERSION REPORT FOR 1959 PUBLISHED 


The Saline Water Conversion Report for 1959 has been published and 
available for public distribution, the Department the Interior announced. 

the report, letter from Secretary Seaton advised President Eisenhower 
that more than 200 sites were offered United States cities and communities, 
locations for one the five saline water conversion demonstration plants 
authorized Congress. This, said, provided accurate baramoter the 
Nationwide interest the Saline Water Conversion Program. 

The Saline Water Conversion Report for 1959 nontechnical review 
the activities the Office Saline Water during the past year. contains 
summary the developments during 1959 each the several major pro- 
cess groups which research and development work was conducted well 
report the status the demonstration plant program. 

Copies the report may obtained without charge from the Office 
Saline Water, Department the Interior, Washington 25, 


Sanitary Engineering Education 
ASEIB ISSUES EDUCATION DIRECTORY 


Sanitary Engineering Education Directory has been issued the Ameri- 
can Sanitary Engineering Intersociety Board, Inc. was prepared and edited 
Prof. Dunstan, Washington State University, Pullman. The 100 page 
publication gives information sanitary engineering graduate programs 
schools engineering, and schools public health. Data given 
master’s degree programs, and when offered, doctor’s degree programs. In- 
formation facilities and staff are included. addition the information 


5 
a 


Sanitary Engineering Division 1960-23--15 


given staff these schools, roster instructors teaching sanitary engi- 
neering other engineering schools included. limited number copies 
are available from the Board, Room 1601, West 39th St., New York 19. 


Air Pollution 


* 


ILLINOIS TECH STUDIES AIR POLLUTION 


Atmospheric pollutants and their relationship respiratory infections are 
being studied scientists Armour Research Foundation Illinois Institute 
Technology. Sponsored the Air Pollution Medical Program the 
Public Health Service, the program present concerned with effects from 
gaseous pollutants. 

The study designed determine whether not pollutants, such 
ozone, sulphur dioxide, nitrous oxides, and hydrocarbons commonly found 
community atmosphere affect the resistance respiratory infections, such 
pneumonia. 

this program team ARF scientists under Sol Miller, research bac- 
teriologist, exposing mice atmosphere containing individual gaseous 
pollutants. Some the mice have been exposed airborn, pneumonia- 
causing bacteria, Klebsiella pneumoniae, before placement the polluted at- 
mospheres, others are exposed the disease-producing bacteria afterward. 
this way, the scientists are able note the effects atmospheric pollu- 


tants the laboratory animals both before and after exposure the respira- 
tory infection. 


CALIFORNIA PASSES FIRST AUTO-EXHAUST CONTROL LEGISLATION 


Aimed ultimately requiring every motor vehicle California 
equipped with “anti-smog” device, Assembly Bill No. was passed the 
State Legislature its recent special session and signed into law Governor 
Brown April 13. This bill, the first its kind the Nation, sets 
Motor Vehicle Pollution Control Board consisting members, with power 
adopt rules and regulations, publish criteria for approval motor ve- 
hicle pollution control devices, issue certificates approval, and ex- 
empt, where appropriate, certain classifications vehicles from compliance 
with the requirement. 

The new law becomes effective late July, but its provisions for requiring 
installation control devices vehicles specify timetable which goes into 
motion only after the new Control Board has certified two more workable 
devices. When such devices, now the developmental stage, are approved, 
they will required follows: 


One year after certification all new vehicles registered the 
State. 

One year after the certification date used motor vehicles upon 
transfer registered owner. 

After the second December following the certification date 
all used commercial vehicles. 


After the third December following the certification date all 
vehicles. 
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The requirements for new vehicles will apply automatically throughout the 
State, but for used vehicles there will degree local option, interest 
principally rural areas. The new law allows boards supervisors air 
pollution control districts, when they have been formed, determine whether 
control devices shall required used vehicles. local jurisdiction de- 
cides that the requirements for used vehicles not apply their county 
district, they are required hold public hearing least every two years 
thereafter determine provisions relating used vehicles are necessary 
for the preservation air quality. 


Board Membership 


The Motor Vehicle Pollution Control Board will appointed the Gover- 
nor and responsible directly him. will located the State Department 
Public Health for administrative purposes. Nine the board members 
will selected represent the interests various groups throughout the 
State, and four will represent the State Directors Public Health, Agriculture, 
and Motor Vehicles and the Commissioner the California Highway Patrol. 

Before issuing certificate approval exhaust device, the Motor 
Vehicle Pollution Control Board must find that the device meets the motor 
vehicles emission standards established the State Department Public 
Health. addition, the cost the device and its installation, its durability, 
the ease inspection, and other factors must considered before certifi- 
cate approval can granted. 


* 
Nuclear Energy 


* * 
NEW RADIOACTIVITY LEVEL PUBLICATION ISSUED 


The first issue new monthly technical publication giving levels radi- 
oactivity the environment became available today. Data radiation levels 
air, water and milk comprise the bulk the first issue. Entitled “Radia- 
tion Health Data,” the new publication prepared the Public Health Service 
under delegation the Secretary Health, Education, and Welfare and may 
purchased from the Office Technical Services, Department Commerce. 

Among the contents the first issue are data strontium-90 milk col- 
lected during November 1959 locations the United States the Public 
Health Service; milk collected during the same month locations the 
Atomic Energy Commission; and monthly milk collections for the year ended 
with August 1959 locations Minnesota reported the health depart- 
ment that State. 

Also reported are radioactivity air samples collected points the 
United States during November 1959 the Public Health Service; and 
Latin American and United States points along the 80th meridian (West), 
also for November 1959, the Naval Research Laboratory coopera- 
tion with the Atomic Energy Commission. 

Radioactivity surface water samples collected during October 1959 
the Public Health Service points throughout the United States and stron- 


tium-90 levels New York City tap water for September 1959 are among the 
other tabulations. 
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The price the publication cents per single issue and $3.00 for 
6-month subscription, from the Office Technical Services, Department 
Commerce, Washington 25, 


CALIFORNIA BOARD ADOPTS REGULATIONS FOR RADIATION 
REGISTRATION 


Regulations governing the registration possessors sources ionizing 
radiation were adopted April the State Board Public Health re- 
quirement the California Atomic Energy Development Radiation Protection 
Law. 


The regulations, which will into effect days after adoption, include: 


Persons with X-ray fluoroscopic machines, radioactive materials, 
particle accelerators, reactors, devices containing radioisotopes, and any 
other sources ionizing radiation must register with the State Department 
Public Health before July 31. Excluded from registration are small amounts 
some types radioactive materials. 

Anyone acquiring radiation source after June must register within 
days the date acquisition. 

the responsibility each possessor radiation source obtain 
and submit the necessary registration forms. 


NRC RELEASES REPORTS EFFECTS RADIATION 


The National Academy Sciences—National Research Council recently is- 
sued set summary reports its six Committees the Biological Effects 
Atomic Radiation, supplementing the Committees’ original reports published 
1956. accompanying “Report the Public” states, introduction: 
“The steady accumulation scientific information since 1956 has not brought 
light any facts that call for drastic revision earlier recommendations.” 

The Report the Public also notes, among number considerations 
prompting the publication the supplementary reports, the broadening uses 
atomic radiation for peaceful purposes and the intensifying public concern 
with the resulting hazards. 

“In general,” the Report concludes, “the potential hazards associated with 
radiation sources are being recognized increasing number those re- 
sponsible for their operation. .There are still many unknowns, and research 
wide front urgently needed. new information gained, man can ex- 
pect derive increasing benefits from the release nuclear energy with 
minimum hazard himself and his descendants.” 

Several the Committees’ findings, capsule form, are follows: 

There some new evidence that genetic effects from low radiation doses 
might less than previously estimated. 

The Committee continues recommend that the average gonadal dose 
for the general population during the first years life not exceed roent- 
gens man-made radiation, and should kept far below this level 
feasible. 

There experimental evidence show that radiation-induced tumors 
not begin develop immediately after the radiation has been absorbed. 

new evidence has appeared show that nuclear tests have affected 
the weather. 

The significant long-range effects the presence radioactive isotopes 
foodstuffs remain determined. 


f ‘ 
& 
Tarte 
th: 
3 


1960-23--18 July, 1960 


The disposal radioactive wastes has not resulted any significant 
hazard the public, its environment, its natural resources. 

There nothing inherent the radioactive-waste control problem 
restrict the nuclear energy program, with adequate protection public health 
and safety. 

Present indications are that limited quantities radioactive materials 
can safely released the oceans. 

The reports released summarize the deliberations the six Committees. 
Detailed technical reports are follow necessary. The Committees cover 
the fields genetics, pathology, meteorology, agriculture and food supplies, 
disposal and dispersal radioactive wastes, and oceanography and fisheries. 


PHS INITIATES ENVIRONMENTAL RADIATION STUDIES ST. LOUIS, 
MISSOURI AREA 


The second series long range studies environmental radiation, 
now underway various sections the country, being initiated the St. 
Louis, Mo., area. Purpose the studies determine the significance 
previous findings concerning radiation levels that area. 

The studies will begin with preliminary survey dairy farms the var- 
ious milk sheds serving St. Louis. The survey will consist investigations 
water supplies, sources animal food, climate, farming and animal feeding 
practices and other variables that may associated with different types and 
levels radioactivity milk. The final phase the milk shed study will 
consist field experiments determine whether, necessary, the radio- 
active content milk can reduced modifications dairy farming prac- 
tices. 

Additional research interpret the significance radioactivity the en- 
vironment will concerned with radioactivity measurements water, air, 
milk, and other foods well radiation exposures from medical and dental 
X-rays. Major emphasis will given obtaining precise measurements 
the amount and kinds radioactivity taken people and also the amounts 
retained within the body. 

The first these comprehensive studies, San Juan County, New Mexico, 
was announced March Surgeon General Burney. 


ASCE-WPCF JOINT SEWER MANUAL ISSUED 


major addition the ASCE series Manuals Engineering Practice 
now available new volume entitled “Design and Construction Sanitary 
and Storm Sewers.” Identified No. 37, this publication the result sev- 
eral years joint effort the Sanitary Engineering Division ASCE and the 
Water Pollution Control Federation (formerly the Federation Sewage and 
Industrial Wastes Associations). 

The twelve-chapter sewer manual contains 283 pages, over 100 illustra- 
tions, tables, and more than 100 references. the first extended collec- 
tion information the subject, will make valuable reference im- 
portant phase wastewater technology. Individual subjects covered include 
organization and administration sewer projects, surveys and investigations, 
quantity sanitary sewage and storm water, hydraulics sewers, design 
sewer systems, appurtenances and special structures, materials for sewer 
construction, structural requirements, construction plans and specifications, 
construction methods, and pumping stations. 
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The manual may ordered with the coupon herewith. The list price 
$7.00 per copy. However, ASCE members may order the manual for $3.50 per 
The price members the Water Pollution Control Federation the 
same upon application their organization. 


CORRECTIONS SEWER DESIGN AND CONSTRUCTION MANUAL 


the joint ASCE-WPCF manual entitled “Design and Construction Sani- 
tary and Storm Sewers” (issued March, 1960) please make the following 
changes 209 under the heading “Factor Safety:” 

paragraph lines and delete the word “non-reinforced.” 

Delete paragraph 


Add paragraph factor safety 1.25 should applied this 
maximum limiting deflection 5%. 


CUT HERE 


American Society Civil Engineers 
West 39th Street, 
New York 18, 


Please send Manual 37. Enclosed remittance 
ASCE membership grade is...... 
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COMBINED INDEX ASCE PUBLICATIONS 


For complete coverage the Society’s 1959 year print, there nowa 
Combined Index covering the Division Journals, Transactions, and Civil Engi- 
neering. Also included are reprints the Proceedings Abstracts that are 
published each month Civil Engineering. The price the Combined Index 
(ASCE publication 1960-10) $2.00 with the usual 50% discount members. 
The coupon herewith will make ordering easy: 
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